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Z INAUGURAL ADDRESS. 

high wages, if they can have freedom of action, so that they 
can use a combination of improved labour-saving machines, 
operated by intelligent mechanics, whose services would be 
worth a high price. Improvements can be made by adopting 
certain fundamental principles in methods of manufacture, such 
as interchangeability of parts, and the designing of special 
machines to perform specific operations only, whereby the 
output is increased, division of labour systematised, the costly 
work of finishing and adjusting minimised, and the highest 
development of skill, accuracy, and despatch acquired. This 
has been done in making watches and cycles, and in a minor 
degree could be adopted in other manufactures. 

Permit me to name a few things trivial in themselves, but 
which would materially improve our workshops, and in trying 
to say something about them, I shall compare English and 
American methods. Many of you are aware that I have recently 
made a short trip to the States, and it may be interesting if I 
name some of the things I have seen. 

TRAFFIC. 

In handling large quantities of traffic, have we reached 
the least possible expense ? Nothing perhaps has tended more 
to bring about a greater change in the relative position of 
works and markets than reductions in the rates of freights, so 
that the United States of America is not much if any farther 
from the market of Europe, than Birmingham is from London, 
because the freight charges are about the same in each case. 
The result with regard to the competition in Europe by America 
is their remarkably cheap transport by rail, as well as by water, 
combined with natural advantages. American ore traffic is now 
being carried over some railways at one-sixth of a penny per ton 
per mile, and coal at even the lower rate of 0-14 of a penny per 
ion per mile. Gan no improvement be made in handling such 
things .as coal and ore in this country ? 
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to nothing like the extent they were using it in 1890. It is fast 
" giving out." 

BLAST FURNACES. 

In 1890 some members of this Association visited America, 
and they had an unique opportunity of examining its industries, 
and nothing surprised them more than the American blast 
furnace practice. Beginning with the accumulated experience 
of England and Europe, they had gone " one better,' ' and 
we were astonished at the output. In England the pressure of 
the blast was 4 Jibs, in America 91bs. to lOlbs., and every- 
thing in proportion. My object in going to America again was 
to see if during the past seven years our American friends had 
stood still, gone back, or advanced. 

The Duquesne blast furnace plant of the Carnegie Steel Co. 
would take an evening to describe, and I must refer you for 
details of their equipment to the engineering journals. I may 
say Nos. 1 and 2 furnaces have ten 7-in. tuyeres ; Nos. 8 and 4 
furnaces twenty 5-in. tuyeres, the pressure of blast at the tuyeres 
is ldlbs., but this may be raised to 25lbs. There are 4 stoves to 
each furnace, and 10 engines to 4 furnaces. The buckets contain- 
ing ore, coke, or flux are picked up, emptied at the top of the 
furnace, and returned in 1£ minutes, and only one man to 
attend to this, there is no one at the top of the furnace. Thus 
there has to be delivered at one spot, 100 feet above the ground, 
uninterruptedly, a stream of materials per furnace of over 
1,200 tons per 24 hours. That is a problem in handling 
material which only modern engineering can deal with. 

When I visited these furnaces they were producing 600 tons 
per furnace per day (24 hours). The metal is tapped into 
ladles, poured into a 250 ton mixer, taken from there to the 
Bessemer converter, from converter to soaking pits, thence to 
cogging mill, rolling mill, and transport car ; all operations with 

) initial heat from the blast furnace, except occasionally a 
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under their worst conditions, and we have six others that take 
2 E> each. 

Summarising the whole matter, our engine takes 6*2 H? to 
drive itself with the main belt. The whole of the shafting, 
countershafting and belts, absorb 8*6 IP, and the tools them- 
selves absorb 14-4 EP. Supposing that we were to put in Electric 
Motors to drive each individual machine, we should have to put 
in 80 Electric Motors, six of them would have to be not less 
than 8 brake IP each, and six of them not less than 2 brake IP 
each, in order to start the machines under certain conditions ; 
and we should have to drive the whole of these 80 Motors for not 
more than 8' 6 HP, to be equal to what we are doing at the 
present. Apart from this, we should have to put down a motor 
somewhat larger than the actual power required for each 
machine, so that I am confident instead of saving anything we 
should loose considerably in friction loss, driving with motors 
as compared with our present system. I think our own shop 
is a splendid example of the value of gas engines for driving our 
class of plant, where such plant is grouped together as we 
have it." 

CAPITAL EXPENDITURE. 

Nothing surprised me so much in America as the vast sums 
spent on their Works, and where the money comes from is a 
mystery to me. For example, the Carnegie Go. think nothing 
of spending £100,000 in altering a rolling mill if they see any 
advantage. The amount spent on the Duquesnes' furnaces and 
Mills, also the Homestead Works is enormous, and other firms 
spend in the same proportion. The Westinghouse Go. have 
erected three very large buildings, and filled them with tools in 
12 months, seemingly without any regard to cost. In Bury it 
would take a lifetime to erect and equip such buildings. The 
General Electric Go. have a capital expenditure of 50 million 
dollars. I cannot discuss financial matters and say if such 
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He had pleasure in seconding the vote of thanks. 

The motion was put to the meeting by the Ex-President 
(Mr. Nasmith) and carried with acclamation. 

The President in briefly acknowledging the resolution, said 
he was obliged for the hearty vote of thanks accorded to him. 
It was gratifying to him that he had in some measure come up 
to their expectations. It would be remembered that some years 
since they had the German " bogey " trotted out, and it 
undoubtedly did England good. Now, he could hardly impress 
upon them how much he was impressed with the enormous 
output in America, compared particularly with that of his own 
trade, and if his remarks had any effect in stimulating them to 
better results, his object would be gained. 

In regard to the great industrial struggle now pending, he 
did not think it would be right for him to ignore it, but he 
hoped that he had referred to it in such a way as to be 
acceptable to all concerned. 
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Association, does not prepare mining papers beforehand, and 
having but little leisure, fears that his ability and time, for 
interesting his audience, are by no means equal to his 
willingness. 

MECHANICAL ENGINEERING IN MINING. 

There is no intention to lay down any startling theories, or to 
propound doctrines opening out an exhaustive discussion, but 
there are some practical points that may be touched upon in the 
ordinary way, and be not altogether uninteresting to a repre- 
sentative engineering audience. As to mining itself the writer 
may hold a somewhat exaggerated view of its importance, but 
he thinks there will be general agreement, that it is one of the 
greatest industries, and has a direct bearing on and association 
with many of our other great national industries. 

By the term mining in this paper, is included only coal 
mining, that being the branch of the industry with which the 
writer is exclusively identified, and which he thinks has a far 
higher position in the United Kingdom than all the other 
divisions of mining combined. 

Diamonds are closely connected with South Africa and gold 
with our possessions on the North American Continent and in 
other parts of the world, but for the United Kingdom, in the 
mining arena, coal is both king and emperor. 

The industry of coal mining is one in which the mechanical 
engineer plays an important part in practically every stage of 
colliery development and working. In boring and sinking 
and tunneling, and to some extent — certain to increase — in coal 
getting. 

Even in lighting there is a connection with the mechanical 
engineer, in this way, that the effective mining light of the 
future will be electricity, and there can be no efficiency in 
electrical engineering without a capable knowledge of the 
principles and practice of mechanical engineering. 
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eminent in the production of machinery, but engineers of equal 
eminence in the production of engineering materials. 

To such, a good deal is owing for the very striking advance 
made with regard to ropes, which are not only essential in 
the matter of conveyance in the mine, but upon them depend 
the operations in the pit shafts, the raising of the hundreds of 
millions of tons of material each year, and the raising and 
lowering each day of the hundreds of thousands of underground 
workers. 

The increased depths and increased loads necessitated a 
material which should possess the maximum of strength with 
the minimum of size, and thanks to the iron and steel makers, 
the material now used for the higher quality of ropes possesses 
a tensile strength reaching 120 tons on the square inch. The 
importance of improved quality giving greater strength with 
less weight is evident from the fact that deep mining would 
have been impossible under the old arrangements, because a 
very moderate depth would have been the limit at which ropes 
would have safely carried their own weight without any other 
load. 

Conveyance In the Mine.— In the old days the coal was 
carried from the working places to the pit bottom, and later the 
operation was performed in hutches or baskets drawn by human 
beings and animals. 

It was evident that as quantity increased and distance 
extended in every direction, only a mechanical system would 
answer. 

The hauling engines in themselves are not materially different 
from ordinary engines, but the arrangements for enclosing a 
mine almost with a net work of main ropes and branch ropes, 
and friction gearing and rollers and pulleys, as now operating 
in the best collieries is a tribute to the skill and adaptability of 
our mechanical engineers. Practically, the entire mine is 
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of wood and the high speeds already referred to made the safety 
cages eventually inapplicable. 

The best system in connection with colliery ropes is to 
make the ropes of material which will not break, and thanks to 
the iron and steel makers such material is now available. The 
modern safety appliances which mechanical engineers have 
introduced, are those which check and stop the engines when 
from any cause the engineman does not do so. The writer is not 
referring simply to detaching hooks but to apparatus which 
shut off the steam and apply the brakes and stop the machinery. 
At the moment of writing, intelligence comes of an accident 
with a winding rope on the Continent, sacrificing fifteen lives. 
The writer still holds that colliery ropes need not break ; and if 
properly made of proper material, and worked with correct 
factor of safety, on proper applianees, will not break. 

Ventilation. — The writer is of opinion that the greatest 
success in connection with colliery work has attended the 
endeavours of the mechanical engineer in association with the 
production of the large volumes of air that have to be 
continuously passing through a mine. 

Little notice is taken when figures are given, speaking of a 
volume of air equal to a quarter of a million cubic feet per 
minute passing through one mine, and it may impress itself 
more strongly by putting it in this way. 

Taking an average colliery as employing 500 workers under- 
ground and allowing a volume of air per minute at the rate of 
500 cubic feet for each individual ; this represents an actual 
weight of air passing through such a mine of 500 tons an hour, 
and it may come as a surprise that the weight of air passing 
through a coal mine and coal mines is enormously in excess of 
the total weight of coal, and water and dirt and everything else 
raised. The weight of air each year for each individual worker 
reaches thousands of tons. 
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LINES FOR FURTHER IMPROVEMENTS. 

The writer thinks that the foregoing notes show very con- 
clusively that the mechanical engineer during the last few 
generations has directed a good deal of skill, and devoted a 
good deal of time to matters appertaining to mining, and that 
very successful results have been attained. 

Heavy Coal Consumption for Colliery Machinery. — That 
success ought to justify and does justify an even increased 
effort, and there is probably no great industry in which steam 
is the motive power that still consumes so much coal in the 
production of that motive power in proportion to the mechanical 
work done as mining. 

The annual production of coal may be taken in round 
numbers, 200 million tons for the United Kingdom ; and prac- 
tically the average depth that the coal has to be raised does not 
exceed 1,500 feet; but, to make the argument as fair as possible, 
the average depth from which all the coal in the United 
Kingdom has to be raised is taken as 1,800 feet. 

The amount and the depth having been taken as fixed quan- 
tities, we proceed to determine the power which ought to 
reasonably be expended in the raising. 

There are no exact figures covering the entire industry, 
showing the proportion of the production of the coal which is 
consumed on the collieries, and a fair guide is that based upon 
considerable experience of important collieries. 

The average percentage of consumption is not less than five, 
that is to say in producing 200 million tons of coal not less than 
10 million tons are consumed at the collieries in the various 
operations, which have been set out in a previous part of this 
paper. 

It will be readily understood that the greatest demand is 
made for the winding machinery, upon which the responsibility 

<its of raising the 200 million tons in a year, from the assumed 
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miles an hour ; second, running at a uniform speed it may be 
of sixty miles an hour ; third, falling away to rest again. 

But there is no justification for great cylinders, 80 and 86 and 
even 48 inches in diameter, throwing into the atmosphere at 
the end of each stroke steam at the same pressure that it is 
received at the beginning of the stroke. 

And there is no justification for winding appliances being so 
designed that the whole weight of one rope, which is often 
greater than the weight of coal, is added to the load, which 
the engines have to contend with at the commencement of each 
winding. 

Surely by means of tail ropes, although not much in favour 
or a spiral drum, which ought to be in favour, the load should 
have some approximation to uniformity during a winding. 

And the system of simply running high pressure steam 
through the cylinders and exhausting with practically no 
expansion and without condensation is good ground for attack. 
The five million tons of coal consumed each year for steam 
generation in colliery winding represents a money value of one 
million sterling, and it does appear that such an item, according 
to the preceding argument, is open to considerable economy. 

And, as years go on, the available coal will have to be raised 
from greater depths. Commercial success will depend largely 
on economic winding. 

Haulage and Pumping. — Many of the pumping engines now 
used at collieries will compare favourably in the matter of 
economy with pumping engines elsewhere, and the writer does 
not know that any specially new departure is necessary to place 
at the disposal of colliery authorities really excellent and 
economical pumping machinery. 

A new kind of valve, new to the writer because he has never 
seen it, known as the "Biedler" is coming to us from the 
Continent, and does appear to have some advantage. 
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DISCUSSION. 



Mr. Samuel Boswell said many of the members would remem- 
ber a paper was read before the Association in 1885 on " Boiler 
Explosions/' when a tabulated list showed a large percentage of 
explosions was at collieries. But now all this was being 
altered, thanks to the author of the paper and his brother 
advisers in colliery matters. 

In years past owners of collieries had laid down boilers more 
or less dangerous, partly on account of low first cost, and 
partly on account of their ability to burn almost unknown 
quantities of what was then considered refuse fuel. With a 
better knowledge of combustion, and experience in the different 
systems of forced or assisted draughts, this so-called refuse has 
now a marketable commodity. The labours of Mr. Percy and 
others had clearly demonstrated to their clients that before they 
could raise coal from the pit they must burn coal at the top, 
and to do this with advantage more modern appliances must be 
used than in the past. Hence those noble ranges of safe, modern, 
high-class boilers are now to be seen where dangerous externally 
fired, egg-ended boilers had previously been at work, and it was 
pleasing to know that economy had followed in the wake of 
safety. It was doubtful whether any section of engineering 
held so many lives in its hands as the mining section, and not 
only the thanks of the members were due to Mr. Percy for his 
paper, but those of the public also were due to him and his 
fellow-workers for the great diminution in the fatal list as 
compared with the past. Personally, he was well pleased with 
the paper. 

Mr. Henry Hodgson said colliery proprietors could obtain 
better appliances if they were prepared to pay for them. There 
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Mr. G. P. Gass, Jan., referred to a new hydraulic apparatus 
that was being introduced for breaking down coal in mines, 
instead of using explosives. This apparatus did away with any 
liability to explosion or accidents in bringing down the coal, 
which was, in addition, brought down in a better condition. 

Mr. F. W. Reed said his experience with wire ropes was that 
they gave out first on the outside. There was more stress on 
the outer strands than on the inner ones, so far at any rate as 
crane-ropes were concerned. He thought that if a rope broke 
and caused a load to fall, there was negligence on the part of 
those in charge ; this was so with crane ropes, and no doubt the 
same remark applied to colliery winding-ropes. If the ropes 
were properly examined, he did not think there would be any 
accidents through their breakage. 

Mr. Matthew Ingram said he was sorry to hear from the 
author that no great improvement could be expected in 
ventilating plant. He did not think perfection had been reached 
in this direction, nor that it would be until there was an absence 
of fatal accidents in coal mines by reason of bad or defective 
ventilation. 

He also thought many accidents were due to carelessness on 
the part of the miners. There should be a system of manage- 
ment and direction which would meet this and prevent it. 

Mr. J. Bolas said although they should aim at perfection 
in every branch of work, they could have economy at too great 
a cost, and if they put down a very expensive plant, the 
depreciation, friction, &c, might swallow up all the economy. 
Then, too, it must be remembered that the conditions of 
working of winding-engines were quite different from that of mill 
engines. The winding-engine with the conical drum was in 
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for the mine. Mechanical engineers could place at the 
disposal of colliery owners machinery capable of sending any 
volume of air into the mine ; and in more than one case the 
explosion itself had been directly traced to the fact, not of too 
little, but of too much ventilation. The old system of 
lighting mines required that for the safety of the lamps used, 
the current of air should not exceed a certain velocity, and 
appliances for lighting that were safe with a low velocity of 
ventilation were not so with a high velocity. Collieries 
could be made safe from explosions if they removed all 
open lights from the mines, adopted lamps entitled to the term 
" safety " in rapid currents, and used no explosive that gave off 
flame. In his opinion the ventilating appliance that gave most 
successful results was the centrifugal fan with spiral casing. 
He was glad to know that the system of having mammoth 
fans, that came into operation a generation ago, was passing 
away, and that people had come to realise that the water 
gauge that produced the ventilating pressure depended not 
upon the size of the fan, but upon the speed of the circum- 
ference — i.e., that by working a small fan at high speed they 
got the same gauge as with a large fan at a lower speed. He 
had seen a fan with spiral casing 30ft. diameter, which was 
intended to produce a volume of 500,000 cubic feet per minute, 
against a 6in. water gauge. There was not the slightest 
necessity at any colliery in the Kingdom, for applying any fan 
larger in diameter than that he had mentioned. 

His argument re winding engines was that if they could not 
obtain the same efficiency as in a mill engine, there was no 
necessity to use ten times as much coal in the former as 
compared with the latter. Surely there was some half-way 
house. 

As to ropes, he did not think very much hung upon the 
bending and unbending of a rope upon its drum or pulley. If 
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accidents than they prevented, and the compulsory provision 
had been withdrawn. Then again, even when a safety cage 
acted properly, it did not prevent accident — it simply held 
the detached cage. If they had, as they could have, ropes that 
would not break they would have no accidents at all. 

As to piston valves, there were probably some in use in 
connection with winding engines, but personally, he did not 
know of any. Whatever valves were used winding engines 
should be easy to handle, even with full pressure of steam on. 
With regard to governors he knew of some attached to 
winding engines in the Manchester district, to which the 
automatic expansion gear was applied ; the automatic expansion 
came into operation only when the speed got up. 

With respect to alleged carelessness amongst the mine 
workers, he was bound to say that in Lancashire he did not 
know of accidents, to any extent, which could be traced to the 
carelessness of the miners. On the whole the Lancashire 
miners were intelligent, and endeavoured to assist the managers 
and employers in any measures taken for the safety of the 
industry. 

Mr. H. Hodgson moved a vote of thanks to the author for his 
excellent paper, in which he said a number of valuable hints had 
been thrown out. 

Mr. J. Wai/thew seconded, and Mr. Webb supported the 
motion, which was unanimously carried. 

Mr. Percy, in responding, said if we did not get coal in 
England, we should get it from somewhere else, and he had not 
the slightest doubt that even at the present time coal could be 
sent into this country at a less cost than that at which it was 
being produced at many of our Lancashire collieries. Some 



DISCUSSION. 47 

half century hence, the coal would have to be raised from 
much increased depth, and unless something was done in the 
direction of economy, the expense of getting it would be so 
great that commercial success would be impossible, and coal 
mining as an industry would cease to exist. At present it found 
employment for 700,000 people, upon whom 2J or 8 millions of 
a population depended, and anything that could be done to 
prevent the down grade of such an industry ought not to be 
neglected. 
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and tiresome to talk, and yet more confusing and tiresome to 
listen to. At all costs I have striven to eliminate the algebra ; 
so that, if at times, I appear a little too general or dogmatic, you 
will understand the reason. 

The whole science of balancing is founded on one small 
axiom in dynamics, which I may state thus : — " No motion of 
mass can occur without a compensating motion of mass in an 
opposite direction so that the common centre of gravity shall 
remain undisturbed." Which is as much as to say that there 
can be no absolute translation in space of mass in the aggre- 
gate : but simply interchange of position governed by the law of 
one immovable centre of gravity. A small axiom in truth, but 
one of dazzling scope for it practically propounds the stability 
of the universe. 

Now for a homely illustration, just to see what this means. 
Suppose I were to walk across this room, and that I have a 
perfectly rigid Earth under my feet. Then it is an inevitable 
consequence of my walk that I should sway the earth to a com- 
pensating amount in the opposite direction. The effect is 
infinitesimal, of course, because of the huge difference between 
my mass and that of the earth, but real notwithstanding. 
One never knows what a real power he is in the world till he 
realises this little fact. 

Coming now to the case of a simple reciprocating engine, for 
instance a direct-acting steam pump, we have in the operation 
of it, the mass of the pistons and attachments vibrating 
regularly to and fro. Imagine the pump to be quite free in 
space : then in accord with the above axiom, it must oscillate 
likewise, and in time with the piston oscillations, but oppositely 
in direction. The amplitude, relative to a fixed point in space, 
of the oscillations of the pump frame, must, furthermore, be to 
*h*t of the piston oscillations as the mass of the pistons is to 
of the frame. By bolting the pump down to a found- 



52 THE BALANCING OF ENGINES. 

into line with the cylinder axis. Then the vibration amplitude 
or stroke will be T Vin. ; for ^in. : lOin, : : lOOlbs. : 10,0001bs. 
Since the CO. cannot practically be in line with the cylinder 
axis, a tilting action will be produced which may be estimated 
by means of diagrams : and it must be remembered that 
movements are magnified at points the farther removed from 
the axis of tilting. 

We assume in the above that the foundation is free from its 
surroundings and where the vibrating forces are horizontal, 
this is practically the case for every foundation not bonded to 
rock or walls (which become in such event part of it.) For it is 
evident the foundation block will free itself at the sides ; and 
for such small movements, the friction upon the supporting soil 
is little or nothing. The tilting action adds vertical components 
to the motion, which do not isolate themselves from surroundings 
so readily. Yet in sand or gravel soils, the block will be almost 
as free as in the former case, for the rocking motion tends 
simply to shear the soil in cylindrical or spherical surfaces con- 
centric with the centre of rocking. Therefore, in designing 
foundations for engines unbalanced in the horizontal plane, 
it is only safe to assume that the sole restraint on the 
vibrations is the mass in solid and rigid connection with the 
engine frame. 

Now vertical vibrations do not become thus isolated from 
surrounding masses ; because gravity keeps the foundation in 
compressed contact with the ground supporting it. Therefore, 
more or less of the sublying ground must become involved in 
the movements. Here we arrive beyond the power of exact 
investigation : we cannot say to what extent the amplitude of 
the foundation vibrations may be reduced by the further mass 
involved. If the subsoil were absolutely without resilience the 
foundation would sink deeper at each stroke : but of course it 
has some resilience and if, in good measure, we do not find the 
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procedure is to make our foundations as heavy and solid as can 
be, carefully isolated, and borne on a deep sub-bed of faggots or 
the like. Then if the sub-bed is well drained the trouble ought 
to be scotched : but if the foundations become partially water- 
borne the transmission of vibration is as liable as not to be 
greatly facilitated. 

There is a perplexing phenomenon occuring sometimes in 
connection with the transmission of such vibrations. It is 
found that in the aggregate immense mass is being vibrated in 
an appreciable manner, although the originating cause is 
comparatively small. The explanation is that the transmission 
is by wave motion. A complete system of waves is a balanced 
mechanism in itself, since the sum of the momenta having 
regard to direction is nil: therefore, the disturbance may be 
spread through immense masses, without much restraint being 
exerted on the source vibrations. 

For this reason, in situations favorable to wave transmission, 
vibration may become very troublesome indeed. This is the 
case in ships, where it sometimes happens that the natural 
vibration periods of the hull, are in agreement with the vibra- 
tions set up by the unbalanced engines at the working speed. 
For example, if the ship were perfectly rigid the whole mass 
would be moved simultaneously by the engine vibrations : 
therefore, supposing for the sake of clearness, the engine is a 
single one, the stroke or amplitude of the vibration : the stroke 
of engine : the mass of the piston : the whole mass of the ship. 
However, as the hull is not so rigid, the vibration travels from 
the engine forward to the stem, and backward to the stern. 
Thus wave motion is propagated through the structure ; and if 
the ship's length be the equal or a multiple of the wave length, 
6 vibratory momenta of the ship's mass balance themselves ; 
nly the momentum of the engine frame remains to balance 
> piston, therefore the vibrations are greatly augu- 
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mass and motion of engine frame are equal to those of piston, 
the inertia stress on hearing would be equal to that due to 
piston alone moving over its full nominal stroke. But if a is 
large which is the case with a fixed engine, the stress approxi- 
mates very closely to twice that value. 

Mr. Swinburne, I think, first pointed out this important fact. 
It establishes the very momentous principle that : — The balanc- 
ing effort of a fixed unbalanced engine doubles the inertia 
stresses. 

I remember in time that this statement needs an important 
qualification. It presupposes that there is no " cushioning " 
whatever, either of the piston stroke or the frame stroke. For 
if there be resilient resistance to the motion of the engine frame, 
this has a similar effect to cushioning in the cylinder, which as 
you know relieves the bearings of inertia stress. As to the 
measure of this cushioning it depends upon the nature of the 
resilience. If such that its elastic force per unit of compression 
is small, as for instance, springs of long range, it is feeble and 
has no great effect in reducing bearing pressure. But in the 
reverse case the cushioning will be very powerful. It follows 
that the more rigid the fixing, and the more perfect elasticity 
it has, the greater the relief of bearing pressure. Were the 
mounting perfectly elastic, and had it elastic force equal to the 
inertia force, or were the piston cushioned to a similar degree, 
there would remain no inertia stress on the bearing. 

This shows how greatly this qualification may modify the 

principle as stated. It leads us on rather uncertain ground, as 

we cannot gauge the cushioning property of the foundation beds. 

~)uring the first half of stroke, the inertia pressure opposes 

m pressure, in the second half it assists it. As is quite 

ra, it is not an altogether evil property of the 
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The former component is what we, who are mathemati- 
cally inclined, call a simple harmonic motion : the latter is 
also a harmonic motion but a complex one : that is to say it is 
compounded of many simple harmonic motions into which it 
can be analysed if desired. 

The presence of the connecting rod, or secondary, component 
greatly complicates the problem of balancing. The crank or 
primary component is easy to treat comparatively. For this 
reason the elimination of the connecting rod itself from the 
mechanism comes within the scope of our subject : but I fear 
the attempt to do so can only bring out the incomparable value 
for its purpose, of the connecting rod, in every respect but this. 
Not to weary you with devices which are practically impossible, 
I take it that the slotted crosshead is the only mechanism that 
could reasonably be applied as a substitute. And since there is 
a mechanical veto against subjecting slides transversely to heavy 
alternating stresses ; and furthermore as there is much difficulty 
in providing adequate bearing surface, it falls far short of the 
splendid simplicity and aptitude of the link. It would be least 
objectionable in a constant thrust engine. 

An engine with a slotted crosshead, which is the mechanical 
equivalent of an infinitely long connecting rod, has only 
primary crank components in its piston motion. It is capable 
of perfect balance by several simple and practical expedients. 
The most obvious one is to produce an equivalent but exactly 
counter momentum in a weight by connecting to an opposite 
crank through a slotted crosshead. Two similar engines of 
such type, coupled side by side, with cranks at 180° are in 
balance as regards what is aptly termed "free force," or the 
tendency to vibrate bodily : but the forces not being in line, 
there is a u couple " or moment about a centre which rocks the 
engine lengthwise, 
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Unbalanced vibrating moments cause the masses involved to 
swing about their common centre of gravity. They are not 
generally regarded as of nearly so much consequence as "free 
force " ; but consideration shows that they may have very 
similar effects, on a ship's hull for instance. The skewing 
stress on the bearings is an undesirable feature : and the alter- 
nating deflecting stresses exerted on any shaft rigidly coupled 
to the crankshaft is a yet worse result of their presence. The 
prevention or balancing of such couples forms an especially 
onerous section of our problem. 

A much used, but mis-named attempt at balancing a 
single engine is by means of a rotating counter- weight set 
opposite the crank. Now, a rotary counter-weight cannot 
balance a linear reciprocation. Although its motion in the 
direction of engine axis corresponds in counter sense with 
the piston motion of a slotted cross-head engine ; its use 
introduces an equal want of balance in direction vertical to 
that which it annuls. For it has an equal motion in direction 
vertical to engine axis, so that the result is simply to change or 
rotate the direction of the free force through a right angle. 
This is an important and interesting effect, especially with 
regard to its application to the transformation of alternating 
into rotary bearing stresses. 

The journal effect of a counter- weight or any rotary free force 
applied to the shaft is to produce corresponding rotary stress on 
the main bearings -a valuable property in the mechanism as 
shown already. Bearing on this point it is, I think, an estab- 
lished fact that a rotating counter- weight, although it cannot 
balance a single engine, has yet a valuable influence on its 
working. The true explanation of this influence is in the 
introduction of rotary stress ; and, if we agree to regard and 
design counter- weighting in this new light, I am sure we shall 
find it of immense practical service. The rotary stress in this 
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180° and — at 90° and 270°, r being ratio of rod to crank. If 
r 

r = 4 the maximum influence is '26 of primary free force ; if 
r = 8 it is *85 thereof. These disturbances are not negligible 
therefore. If we analyse the secondary component motion 
into a series of simple harmonic motions, we find that the 

governing term for the acceleration is proportional to — cos 

2 pt. So dominant is this factor in the series that for most 
practical purposes we are justified in ignoring the remainder. 

If we oscillate an equivalent deadweight or piston, in the 
same engine axis, but on opposite side of shaft, from the same 
crank, and by connecting rod of same length as original engine, 
the terms expressing the secondary components disappear from 
the combined equation of motion. Which is manifest also from 
a diagram of the mechanism which indicates clearly that the 
C. G. of the two masses moves regularly with the crank, in- 
dependently of the angle of rod. Only primary components 
remain so that the resultant effect is identical with that of a 
slotted crosshead engine, with reciprocating parts of double 
weight. 

Further if the second piston or weight as above be oscillated 
by an opposite crank, connecting rods being of same length, 
both primary and secondary components cancel out, and perfect 
balance is obtained. But there are serious practical objections 
to this arrangement ; chiefly with regard to space and awkward- 
ness of construction. 

If the engines and therefore the connecting rods are on the 
same side of crank shaft, the secondary effects add whether 
cranks on the same or opposite radii. If coupled, side-by-side, 
engines work on cranks at 90°, the secondary components nearly 

lance the difference being at maximum f ,-g — ^ — — ) 

 from statements above : but there is considerable 
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before you by means of wall diagrams and models ; also to give 
in an appendix the mathematical treatment of some of the 
points touched on. But the inexorable demands of other affairs 
spoilt my good resolutions. I trust, however, that the paper 
will be provocative of a good discussion, and if it arouse you to 
that, I shall not have written in vain. 

DIAGRAMS. 

The diagrams herewith are not put forth as illustrations of 
possible types of balanced engines. They are simply crude and 
exaggerated presentments of the principles of the methods 
described. 

Fig. 1 and 2 show a slotted cross-head engine with two 
pistons in line, operated by opposite cranks. 

Fig. 3 shows a connecting rod engine of same con- 
struction, with reverse connecting rod in order to balance 
secondary components. 

Fig. 4 shows slotted cross-head engine with oppositely 
revolving counterweight discs, the loose ones being driven from 
the others by bevel gearing and fixed pinions. 

Fig. 5 is a slotted cross-head engine with cylinders at right 
angles and balanced by counterweight discs. 

Fig. 6 is a connecting rod engine, balanced by weights on 
beams linked to cross-head. 

Fig 7 is the author's method of balancing the secondary com- 
ponents of piston motion by extending the connecting rod to 
take a suitable weight at end, and balancing the whole counter- 
weight disc. Unless the transverse motions of counterweight 
and connecting rod weight are brought into line the balance is 
not perfect, as there would be a moment of forces due to these 
notions. 

ig. 8 is the author's method of complete balance of single 
by means of swinging weights and counterweight discs. 
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DISCUSSION. 



Mr. Thomas Ashbury asked the author whether he had seen 
a model of a device by Mr. Holroyd Smith, which had for its 
object the overcoming of the difficulty of balancing engines, and 
which aroused great interest when it was submitted to the 
members of the Institution of Mechanical Engineers at their 
meeting in Birmingham last autumn. 

Mr. J. Parry said Mr. Swinburne's suggested method of 
mounting machinery on springs seems to be the partial adoption 
of a principle adopted by Mr. Worby Beaumont, in a machine 
which is called a " vibrometer." The principle expressed in 
Mr. Beaumont's own words is : " If a thing wants to wobble, 
let it wobble ; reduce the amount it wobbles as much as you 
can, but don't fasten it to a building and make that wobble 
also." It does not seem practicable to apply this principle fully 
in the case of a steam engine, because some connection or 
contact with the earth is necessary for turning effort reaction. 

The method of carrying an engine foundation on an elastic 
sub-bed, he believed, had been adopted at one of the London 
Electric Light Stations with considerable advantage. 

Speaking of locomotives, locomotive engineers were perfectly 
well aware that this machine, as generally constructed, was not 
perfectly balanced. Simplicity, however, cannot be easily 
sacrificed. 

Some of our fastest trains were successfully run by outside 
cylinder engines, although they could not be nearly so well 
balanced by revolving weights as inside cylinder engines could 
be. The ordinary inside cylinder engine was, therefore, 
sufficiently well balanced for greater speeds than have yet been 
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attained ; or in other words, the present limits of speed were 
not fixed by questions of balancing. 

Referring to the remarks in the paper with respect to gas 
engines, he thought the difficulty could be very much reduced 
by constructing the engine so as to drive two heavy fly-wheels 
in opposite directions. One way of doing this would be in the 
same way that steam engines were adapted to drive Boot's 
blowers, but with the cranks on opposite sides, so as to be able 
to get large fly-wheels in. Those interested in motor cars 
driven by oil engines can possibly make use of this suggestion. 

Referring to the author's suggested method of prolonging the 
connecting rod to double its length, and putting a weight at the 
end equal to the reciprocating parts ; to this there was another 
objection besides the one mentioned in the paper. There would 
be a very great bending moment produced in the rod at the 
big end bearing. He thought, however, that such advantage as 
might be got from a lesser prolongation and a lighter weight 
would be worth having, especially considering that it might be 
made so as to reduce the bending moments, due to inertia, in 
the working part or body of the rod. 

Mr. Alfred Saxon said that the paper would be very valuable 
in that it would cause them to use their brains in a direction 
in which, in his case, they had not been too often exercised. 
He was very much interested at Birmingham in the model 
exhibited by Professor Holroyd Smith, which seemed to be a 
very feasible method of overcoming the difficulty. 

With regard to some points which the author had elaborated 
with much care, he (the speaker) thought it was a question of 
introducing evils to cure evils ; at any rate that would probably 
be the light in which many of the members would look at some 
of the suggestions made. Ought they not to look in the future 
for lighter and stronger material for high-speed engines, and 
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dynamic shocks every time this unbalanced vertical force came 
upon the rails, and if the period of this shock coincided with 
the panel length of the bridges, the vibrations set up would 
have a serious effect upon the life of the structure. 

It was, however, quite possible to arrange the balance weight 
upon any locomotive in such a manner that there would be no 
unbalanced vertical force acting upon the rail ; in this case the 
evils complained of would not be experienced. All depended 
upon the amount of the reciprocating weight taken into account 
when proportioning the balance weights, if it was attempted to 
balance the greater part of the reciprocating masses they at 
once introduced a corresponding vertical unbalanced forca which 
acted upon the bridge, but if on the other hand no attempt was 
made to reduce the effect of the reciprocating parts, these parts 
produced a sinuous movement across the road tending to spread 
the rails. 

By a proper appreciation of the surrounding circumstances in 
every case, such a compromise could be effected that a perfectly 
steady running locomotive could be designed, as was proved 
by the speeds attained at the present time. 

The system of balancing adopted, though not theoretically 
perfect, was simplicity itself, and was in his opinion far prefer- 
able to any complications which would be introduced by an 
attempt to theoretically balance the reciprocating parts of the 
locomotive. 

Mr. R. Gregory referred to the author's statement that " with 
two crank engines nothing is to be gained by deviating from an 
exact angle of 180° between the cranks." Commenting on this 
he said he had had to do with the changing of cranks, and found 
that by putting them quarter centre there had been less 
vibration, better turning, &c, so that he thought the above 
remark was not correct. In engines they were now making he 
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He regretted he had not seen the model of Mr. Holroyd 
Smith's balancing arrangement. 

As to the inertia stress on the bearings, it was a case of two 
moving bodies meeting, not of one moving body striking a 
stationary one. The piston was in motion and the bed was 
also in motion — perhaps only to an infinitesimal extent, but 
still, in motion, and the collision of the two bodies caused the 
pressure. As regards the bending of the connecting rod, that 
was a very serious matter ; he mentioned it in connection with 
Fig. 7. This was one of the things that was counteracted by 
the parallel linkage spoken of. Instead of putting weight on 
the connecting rod, it was put upon the cross-head behind the 
rod, and arranged so that it would swing across the shaft centre 
and take all bending stress off the connecting rod. 

No one had touched upon the question of rotary stress. If 
they used their methods of balancing to produce that they 
obtained another advantage ; not only did they balance the 
engine, but they overcame the question of " knock." If they 
had a pair of shafts revolving in a bearing, and the stress eame 
on the top and then on the bottom, that was " alternating 
stress," but if instead of the stress travelling this way it 
travelled round, the shaft bedded itself naturally. 

As to obtaining lighter and stronger materials— they had to 
be found. They were rather " in the air " at present. 

With regard to the cranks at 180°, and the fact that it had 
been found in practice better to shift them from that position, 
this alteration giving less vibration, he could only say it 
depended on how the vibratory stresses were measured ; he did 
not know how to measure them. He thought the improvement 
mentioned might not be due to the alteration named, but to 
something else ; it might be due partly to something in 
connection with the cushioning. Or very possibly the cases in 
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tical expression of the principle illustrated in Fig. 4, the slotted 
crosshead and gearing of which would not be feasible in practice. 
If he extends both connecting rods beyond the crank pins and 
applies suitable weights, as in the author's method of Fig. 7, 
the balance can be made quite perfect, with no other objection 
to it than that of practical applicability. Mr. Parry's ingenious 
proposal to use two flywheels running in opposite directions on 
gas engines is of much interest in this connection, and is 
certainly worth careful consideration by those who would like 
to see gas and oil engines running more smoothly than they do. 

Finally, in answer to the prevailing objection that balancing 
mechanism means over-much complication, I would repeat 
that its functions are as clearly defined as those of the flywheel, 
and they are of the same practical importance. We should not 
dream of putting a universal taboo against the flywheel, because 
it is a dispensable part of an engine. Let us not, therefore, 
pronounce too hastily and universally against balancing 
mechanism on like grounds. 
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high-class milling cutters, because when once these were 
prepared they kept on working for a very long time. 

Mr. W. Lawson said he had had a long experience in the 
pickling of brass castings, of which they turned several tons a 
week. It would be interesting to know what was the usual 
practice of firms who pickle castings, what strength of acid to 
use, and the length of time the casting should remain therein. 
If they did not mind what they were doing, and the castings 
lay for any considerable length of time in some corner of the 
works, they would become very rusty. 

It was most important for engineers to pickle castings that 
required to be machined in any way. 

Brass castings should be put in nitric acid, of about two parts 
water and one part commercial acid, and judgment must be 
exercised as to the time they must remain in. A man was 
required to look after it. The casting must afterwards be rinsed 
out in fairly hot water, and put in dry sawdust and wiped. The 
casting would then have a beautiful surface. 

Mr. J. H. Beastow said there was a decided advantage in using 
vitriol of one hundred and fifty degrees, in the proportion of one 
gallon of vitriol to thirty gallons of water. The castings should 
be left over night in the vitriol. They ought then to be drained 
off and washed with clean water. When treated in this way 
the castings were quite satisfactory, and the life of the milling 
cutter was doubled. The workmen themselves preferred the 
pickled castings. He strongly recommended pickling by means 
of vitriol to those who had light work to do. 

Mr. Q. F. Fbeeman said he had had a good deal of experience 
in the pickling of brass and copper and there was always an 
advantage in doing it, but with regard to iron and steel castings 
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Mr. A. Kea. said it was well understood principle in all wire 
works that it was impossible to draw the rods into wire without 
pickling of some sort. The chief acids used being muriatic for 
general work, and sulphuric for piano or other high class wires, 
which was not so destructive. 

When steel or iron rods were subjected to this process it must 
be admitted that there was an essential deterioration in the 
structure which produced crystallisation, for if they were left too 
long in the bath the rods would become brittle and fall to pieces. 
At the same time no other method has yet been discovered to 
compete with pickling for simplicity and cheapness. 

Exceptional care therefore was required to conduct the 
operation properly with the minimum of injury. 

He had made experiments to see what effect pickling would 
have on cast iron, and found that the castings if left in the bath 
for a considerable time could be out with a knife like plumbago. 

The process cleaned them certainly, but was not so effective 
as when used for cleaning rolled steel rods, owing to the length 
of time required to affect the harder skin of the oast iron, 
especially when mixed with burnt sand and so on, while the 
deterioration was in proportion to the length of time exposed to 
the acid. 

He was afraid, therefore, that pickling, while of use in 
softening and cleaning the castings, would do much more harm 
than good, more particularly where the iron was not of the 

purest quality. 

Mr. G. F. Freeman said he had been manager of an iron wire 
works, turning out eighty to one hundred tons per week, and 
many a ton had been destroyed owing to the workmen leaving 
the rods in the acid too long. 
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The President (Mr. Webb) said he was in America last 
September and October, and found that they pickled castings at 
all the foundries there, and this not only in the case of small 
eastings, but also of large ones. The Worthington Pump 
Company did so, and the Pettee Machine Company, near 
Boston, who made cotton machinery, pickled all their frame 
sides, &c. They did not allow the castings to stand in the bath 
long enough to take any harm. He had asked them what were 
the advantages of pickling, and what was the strength of the pickle. 
They answered one in ten, and added that the advantage was that 
the castings required no dressing. They thought it barbarous 
not to pickle castings. They placed the castings in the acid, then 
lifted them out, played upon them with water by means of the 
hose pipe, and then swept them with a brush. The castings 
received no injury and required no dressing, whilst in tooling 
the cutters lasted longer. 

Question 2. 

" What is the best and quickest method of dressing castings ? '* 

Mr. J. Muddiman said sand blasting was the best method, and 
he had some specimens of locomotive cylinder castings to show 
how the operation acted. 

Mr. S. Boswell said it appeared to him that something 
beyond the sand blast was wanted. He thought pneumatic 
chipping hammers would be found advantageous. The chipping 
hammer was not now what it was twelve or eighteen months 
ago. The vibration had been taken out of it, or nearly 
so, and the men did not feel fatigued through holding it. In 
conjunction with the sand blast the pneumatic hammer would 
come in very well. The advantage of the sand blast in cleaning 
out the pores efficiently was undoubted. After this anything 
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had told them, it was universal in the United States, and the 
people there were not all fools. Personally he intended to try 
pickling on brass castings. 

Mr. F. Reed said pickling did not come in as a means of 
fettling. He had been in a foundry where they pickled all the 
castings that required machining, but they did not pickle them 
at the foundry. They did it at the machine shop some miles 
away, and they did not pickle for the sake of helping with the 
dressing but for the sake of the beneficial effects derived there- 
from in the machine shop afterwards. 

Question 3. 

"Can defects in iron castings be electrically welded?" 

Mr. Kelsall wrote : If the attempt I witnessed at one of our 
large foundries in Bolton is anything, I say no. Everything was 
arranged in splendid order, it being a segment of a large 
pulley, a piece having been broken off the edge, and the 
endeavour was to fill this up, certainly no great undertaking to 
fill a hole up, but this was the trouble. The soft metal they 
use, being fused with the cast iron, and immediately it is cold 
is found to be so hard that it cannot be dressed. Naturally you 
will ask why is this when so soft an iron is used ; this I will 
explain ; during the melting of the two irons together {i.e., the 
cast iron of the pulley and the added iron), the latter becomes 
charged with combined carbon from the graphitic carbon of the 
cast iron, so that as I said before it cannot be dressed ; owing to 
the intense heat the graphitic carbon — which is only mechanically 
mixed in the cast iron — becomes converted into combined 
carbon, making a steel harder than any tools can touch, and the 
attempt I speak of thus becoming an entire failure. 

Mr. A. Bba. referred to a successful application of electric 
ling in connection with a large fly-wheel which had been 
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SOME POINTS IN 
MODEKN STEAM ENGINE PRACTICE. 

BEAD SATURDAY, 22nd OCTOBER, 1898, 

BY 

Mr. Henry Hodgson, 

OF GUIDE BRIDGE IRON WORKS, GUIDE BRIDGE, NR. MANCHESTER. 

The steam engine, for stationary work, consists of three 
distinct types, which cover the ground of both ancient and 
modern practice, viz : the beam engine in its common form, the 
horizontal engine, and the vertical engine ; there are modifica- 
tions of these to suit exceptional circumstances, and in the 
case of the vertical engine, there are two well-defined forms, 
one having the cylinder at the bottom and the crank shaft 
above, the other being the reverse of this and known as the 
Inverted Vertical Engine. The horizontal and the inverted 
vertical are the two types forming the distinctively modern 
steam engine for stationary purposes. The beam engine is by 
no means an extinct species, but its numbers are lessening 
rapidly, and being replaced by more modern types. 

Of the two (horizontal and inverted vertical) each has its 
advocates, and, as engineers are men who never do anything 
without a reason, they must have a reason for their advocacy. 
It is true, circumstances may have such an influence as to make 
one type or the other, (or even the comparatively ancient beam 
engine) the one most suitable for the purpose, but, apart from 
limiting circumstances, the question is, " which is the best type 
for general use ? " I advocate the inverted vertical as the best, 
on the ground of reduced wear and tear, reduced friction, more 
economical results, and, on the whole, lessened cost on capital 
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many engineers to say that the saving is not worth the expense, 
and, consequently, they do not advise it to their customers. I 
believe that this is a short-sighted policy, and is one factor in 
the argument that English engineers are being left behind in 
markets that were once their own. 



DISCUSSION. 



The President (Mr. Henry Webb) remarked that they had 
with them that evening representatives from the United States 
of America, and from the far East. What an illustration this 
of progress, how little the world is ! Here at an ordinary 
meeting of the Manchester Engineers, without any arrangement, 
promiscuously, two persons, the one from the West and the 
other from the East, came and asked to join in our proceedings. 
He referred to Mr. Bullard, of Bridgeport, Connecticut, and Mr. 
Hyasi, of Japan. He believed that England, America, and 
Japan were destined to become much closer friends than at 
present. Of course we regarded Americans as brothers, not 
friends; they came from the same stock, read the same literature, 
love the same Bible, and worship the same God. As for Japan, 
Englishmen had watched with interest the marvellous progress 
made by that nation, and regarded with the highest esteem the 
position they had attained. 

Mr. Bullard said that he had had the pleasure of welcoming 
more than one Englishman at their works in America. There 
was in the hearts of all Americans a warm feeling for a good 
honest Englishman, and he thought this feeling was recipro- 
cated, as he had been the recipient of many courtesies and 
favours in this country, some of which were quite unexpected. 
He hoped that in the providence of God they might all live to 
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was more regularity of turning, whilst with its reduced surfaces 
there was, no doubt, somewhat diminished friction. It was, 
however, not quite so clean an engine as the horizontal, whilst 
there was also the difficulty in obtaining a long connecting rod 
which might make it run more sweetly and safely, without 
interfering with the stability of the engine. He supposed most 
engineers were in agreement with the author that multiple 
compounding was the best system, and if there were people 
opposed to such a principle, or prejudiced against it, he thought 
they were mostly customers who had not studied the question, 
and not engineers themselves. 

As to proportions of cylinders, the author was no doubt posing 
as a humourist when he said it was a common practice to make 
the proportion of the high-pressure and low-pressure cylinders 
as one to four, irrespective of the boiler pressure. He did not 
believe the author could name a competent engineer — consulting 
or manufacturing — or even a respectable firm, who adopted the 
above-named practice without variation. 

As to pistons he did not think the perfect type had yet been 
invented. There were no doubt thousands working with complete 
satisfaction to the persons using them, but at the same time 
they had not convinced other people that they were the perfect 
type they had been seeking. The conditions of perfection in a 
piston were stringent. There must be a perfect fit, and tightness 
must be maintained under all conditions, even after considerable 
wear; the pistons must run easily and not wear either them- 
selves or the cylinders unduly. Now a piston that fulfilled all 
those conditions must be a very good one indeed. He must say 
there were some very good types on the market. He could not 
go so far as to say, like Mr. Hodgson, that the Eamsbottom 
type was far and away the best, because there were some very 
good adjustable pistons that might really be classed alongside 
it, at any rate. 
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a heater. He believed, however, that the steam jacket was one 
of the best adjuncts for a steam engine in the way of economy, 
and he was sure it would be more largely adopted in the 
future than it had been in the past. 



Mr. Chas. Day said the author gave as one of his reasons for 
preferring vertical engines that they were more economical. 
His own experience was rather the reverse. Looking over all 
the test records he could find, he certainly met with the majority 
of the best results in horizontal engines. One explanation of 
this was, he thought, that with horizontal engines and Corliss 
valves, there was across the cylinder bottom at each end a port 
that gave splendid drainage, and the cylinder at every stroke was 
thoroughly cleared of the water formed by condensation on the 
metalic surfaces. That could not be said of the vertical 
engine, for the upper portion of the cylinder, as the water could 
not be emptied until the piston reached the top, when probably 
it found the exhaust closed. Other advantages of the horizontal 
engine were accessibility, cleanliness, freedom from vibration 
of foundations, etc. 

From the author's remarks he inferred that Mr. Hodgson 
thought the adaptability of the Corliss valve for the governing 
cylinder was its only good point. The drainage quality of this 
valve however, as already stated, was an important one in the 
case of horizontal engines, and the Corliss valve was worth 
putting in if for that reason alone. In the case of slide valves 
there was not only very heavy friction, but as the spindle was 
some little distance from the slide valve face, it tended to rock 
the valve, and consequently the valve faces generally wore 
convex, and became leaky. On the other hand Corliss valves 
wore tighter with time, as they are worked by twisting forces, 
and can follow out any wear which occurs. 
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water consumption was the lowest at certain points of cut-off, 
wbioh of course was earliest at the higher pressures. The most 
remarkable feature about these experiments however, was that 
in eaoh case the point of out-off wbioh gave the lowest water 
consumption was that which gave about the same final pressure, 
whatever the initial pressure was, viz., from 18f to 191b. 
absolute, or about Sj or 41b. above atmosphere. 

If one or two fundamental principles were only kept clearly 
in mind, there should be no difficulty in determining the best 
cylinder ratio for any compound engine, whether condensing 



The price they paid for their power was shown by the amount 
of steam thrown away at the end of the piston's stroke, and this 
Diagram of water consumption .n lbs p.« I.H.P rniww 
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was measured by the terminal pressure ; whilst the power they 

got out of our engine was shown by the mean effective pressure, 

so that the greater the mean effective pressure they could obtain 

for a certain final pressure and the greater the economy of the 

engine. This was the reason why high pressure steam was so 

much more economical than steam of low pressure, because 

whatever might be the initial pressure, they could not work their 

steam lower than a certain point, in other words, the remnant 

in each case would be the same. Now if they knew the final 

pressure to which it was best to work down the steam, and 

which seemed to be about 191bs. absolute in a non-condensing 

engine, and say 8-J absolute in a condensing engine, and knew 

also the most advantageous point of cut-off, the cylinder ratio 

could be at once determined ; because the ratio r was the initial 

pressure P, multiplied by the proportion of the stroke through 

which the steam was admitted in the first or high-pressure 

cylinder (say n), and divided by the terminal pressure t. Or 

expressed in a simple formula we have, as shown on the 

diagram 

P x n 

where r = cylinder ratio, 

P = initial pressure (absolute), 

n = fraction of stroke through which steam is admitted. 

It was well known that the continued gain from expansion, 
due to early cut-off in an un jacketed cylinder, after a certain 
point has been reached, is found in practice to be more than 
counterbalanced by losses in other directions, cylinder conden- 
sation, &c, and it is usually not advantageous to out off much 
earlier than half stroke in the cylinder of an un jacketed 
compound engine. He had found from an extended experience 
that a little less than half stroke seemed to give about the best 
result in most cases, and adopting a cut-off of -45 the piston's 



118 SOME POINTS IN MODEBN STEAM ENGINE PBAOTIOE. 

pressures ought to be considered and a ratio adopted that would 
tend to equalise them ; of course a lower ratio would mean a 
larger EP cylinder, but he saw no objection to this if within 
reasonable limits, and the terminal pressure did not fall below 
the back pressure in that cylinder. 

Mr. Alfred Saxon said the author might have referred to the 
condensing arrangements in connection with the steam engines, 
of which there were so many types, including surface condensers, 
jet condensers, evaporative condensers, and independent con- 
denser plant. 

As to types of engines he was pretty much of the same opinion 
as the author, except perhaps as to one point. This was as to 
the cost of vertical engines. So far as his firm had been able 
to prove it, vertical engines of the larger types were more costly 
in manufacture than horizontal engines of the larger sizes. 
He did not, however, know how it would work out with founda- 
tions, engine house, &c. 

As to proportions of cylinders he could assure the author 
that his firm was not tied to the 4 to 1 proportion at any 
pressure for compound engines. 

With regard to the admission and eduction valves of a steam 
engine, the author considered the Corliss the best for the 
governing cylinder. He (the speaker) was prepared to go 
further, despite the figures given in the tables, which gave no 
information as to whether the cylinders had the same stroke, 
or were arranged to run at the same piston speed, or whether 
they compared exactly in every detail, upon which points the 
size of ports, &c, depended. Corliss valves, he held, could be 
made with as little clearance as either slide or piston valves. 

A friend had given him particulars of a special inverted 
vtioal Corliss compound winding engine, now being made in 
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current, consequently unless the pipe is very short it is generally 
inconvenient to arrange pipes in this way. 

In cases where the length of pipe from boilers to engine is 
considerable, and the fall is towards the engine, with a receiver 
and a steam trap at that end, it is generally found when the 
engine is stopped, and all is quiescent, that there is very little 
discharge from the trap, although the full boiler pressure is 
maintained in the pipe, but the moment the engine is started 
several violent discharges will occur in rapid succession, demon- 
strating that notwithstanding the declivity of the pipe a quantity 
of water lies in it, and does not find its way to the trap till the 
steam being set in motion brings it along with it, and if water 
does not readily drain towards the trap when the declivity is 
away from the source of supply it is not reasonable to expect it 
will do so when the declivity is towards it. 

Mr. Joseph Butterwobth wrote : It is impossible to deal with 
every point in engine design and leave time for discussion, but 
the author must be complimented on his choice of those most 
suitable for profitable criticism. 

I thoroughly agree with him respecting small steam pipes for 
constant loads, as the "head" or difference in pressure due to 
a velocity of 6,000 feet per minute is less than Jib. per square 
inch (neglecting all pipe friction and assuming dry steam), but 
the " head " increases as the square of the velocity, so that an 
error in the size of pipe, when working near the limits, may 
have serious consequences. 

Jacketing cylinders and receivers has been proved beneficial 
at Owens and other colleges, where triple expansion engines 
are specially arranged to test these points. 

It is of course preferable to drain the jackets to the boiler if 
sufficient fall is available, but a drain tap to the air is too crude, 

the rate of condensation and amount of water entrained in 
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connected to the boiler that may be shut off. He was led to 
design this arrangement, owing to a case of water hammering, 
when he happened to be rather nearer the fractured valve than 
was pleasant, and had found the arrangement to be effectual. 

He heartily condemned separators, to his mind they being of 
no benefit whenever. In his opinion the condition of saturated 
steam was more like that of a slight fog than anything else, and 
the water was so commingled with the steam that separation 
could only be effected by heat. Superheating was, he thought, 
the right thing to adopt. 

With regard to the point of cut off and the number of expan- 
sions as being the most effective. He had a Corliss gear that 
admitted of a large range in the point of cut off, reaching from 
zero to £ths of the stroke. He had fixed upon the point of cut 
off being at -j^-ths in the high pressure cylinder, and the terminal 
pressure at 51bs. below the atmosphere in the low pressure, 
whatever the working pressure may be ; having these two fixed 
points, it was easy to arrange what the proportions of the 
cylinders require to be. 

With regard to the fall of temperature in the cylinders, as a 
rule the greatest fall took place in the high pressure cylinder, 
and as this is the smallest cylinder, it could better afford it than 
the following cylinders. 

Mr. Bolton referred to the strains on the crank pins. He did 
not think that these varied to any considerable extent, as 
between one cylinder and another of a triple engine, they could 
afford a little variation, so long as the strength and bearing 
surface were well within the mark. As to the back pressure in 
the high pressure, this could be made pretty much as was desired, 
by arranging the point of cut off in the following cylinder. It 
would be found a good rule, as a basis, to make the contents of 
the following cylinder at the point of cut off equal to the volume 
of the preceding cylinder. 
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knowledge of a 88in. piston with l£in. square ring that was pat 
into a beam engine cylinder 23 years ago, and which was in 
perfectly good condition now, and appeared to be good for 
another 23 years. He put four pistons on a pair of tandem 
horizontal engines, 2 Sin. and 89in. diameter, and they were 
taken out after working over 11 years on account of tripling 
the engines, the wear on the rings all round was something 
under £th of an inch. These pistons were steam tight against 
a standing pressure right up to the end. In his opinion if these 
rings were properly constructed he thought it would be found 
that the wear was practically equal all round, such being his 
experience founded upon the examination of many rings. 



THE MANCHESTER SEWAGE PROBLEM. 

Who will solve it, 
the Mechanical or the Sanitary Engineer? 

BEAD SATURDAY, 12th NOVEMBEll, 1898, 

BY 

Mr. M. INGRAM, M. San. Inst., 

(MANCHESTER). 



The subject which we are to consider to-night is somewhat 
foreign to the subjects usually presented to this Association, 
but we make no apology to you on that account, for we venture 
to think its importance should be sufficient justification in 
asking for your attention for a few moments whilst we briefly 
examine some of its difficulties, and to solicit your active 
co-operation in trying to solve some of its problems; we are 
somewhat encouraged in this when we say that it is our firm 
conviction that no radical changes will be made in sanitation, 
either in practice or in theory, by the sanitary plumber or the 
so-called sanitary engineer. 

Whilst making, however, no apology for the introduction of 
this subject, we do apologise for our own shortcomings and lack 
of .literary skill; in the absence of which we fear we shall 
be unable to present our case clearly and with such precision 
as will enable the members of this Association to bring the 
mass and the weight of their great mechanical knowledge, 
experience, and skill in engineering, to assist in arriving at a 
sound judgment, which will reflect credit and lustre on this 
Association, and a substantial advantage to the citizens of this 
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"no mean" City, and the surrounding districts, which are, by 
common consent, classed as the headquarters of engineering, 
and the home of mechanical engineers. 

The Sewage problem has engaged the attention and the 
best efforts of our civil and sanitary engineers for the last 80 
or 40 years, and since the lamentable illness of the Prince of 
Wales, in the year 1871, public health has engaged the 
attention of both legislator and engineer, so much so that the 
improvements in public health since that memorable year have 
been marvellous, and especially, if measuring the progress of 
past ages by the good work which has been done within that 
period ; a period which may be described as the era of modern 
sanitation and the alpha of sanitary science, the scope of which, 
being as varied in character as in its application to the wants 
and the conditions of the teeming population whose life and 
health it is intended to safeguard. 

It is not our intention to inflict upon you a history of 
sewage, nor a treatise on public health or hygiene to-night, for 
writings on health are amongst the oldest in the world, the 
subject having engaged the attention of the profoundest thinkers 
and the most renowned leaders of men. 

We have only to point to the elaborate directions in the 
Mosaic Law for the preservation of health, through scrupulous 
attention to cleanliness, and the isolation of the sick, and 
care in the use of wholesome articles of food and drink; 
for the value of these directions we have seen that throughout 
the whole of their history the Jews have enjoyed a remarkable 
immunity from epidemic diseases, and in most of the instances 
in which such diseases have occurred, it has been when they 
have departed from the law, or relaxed the wholesome vigilance 
enjoyed by it. 

Sewage we shall define as the process of systematically 
collecting, removing, and disposing of refuse from our domestic 
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dwellings. That the wastes of life, and the organic refuse of 
civilization should be quickly and efficiently collected and 
disposed of, is an elementary duty of all civilized communities ; 
the perfection, or otherwise, of its methods, reflects itself in the 
physical, moral, and social well being of such community, this 
is well understood by us all ; were it not so, history would be 
false, science would be a sham, legislation would be futile and 
foolish, and the evidence of one's senses would be in vain. 

Sewage, then, may be conveniently classified into four parts, 
viz. : 1st — dust, ashes, kitchen waste, garbage, and other solid 
matters generally. 2nd — excreta, urine and other alvine 
substances. 3rd — slop- water, discharges from sinks, lavatories, 
baths, and the waste water, &c, &c, of industrial and domestic 
purposes. 4th — surface water due to rainfall. The rapid and 
efficient collection and disposal of this heterogeneous mass is 
the problem awaiting solution. 

Manchester, as also nearly all the cities and towns in this 
country, is built upon the banks of a river ; advantage has been 
taken of this circumstance to get rid of the wastes of life and 
civilization by "dumping" the refuse into its flowing waters, 
irrespective of the injury it may cause to those living on a lower 
level of the river's course. This method obtains in the largest 
cities as well as the smallest hamlets. We have in our minds 
eye the picture of a scene witnessed by us in a small hamlet, above 
which are the sources of an important river, in a neighbouring 
County, the clear rippling waters of which are even now a 
favourite spot where Waltonians delight to take the lusty and 
lively trout, and where the artist is inspired by some of nature's 
loveliest handiwork, whereat we saw one member of a family 
fouling the stream at back of the house, whilst the good wife of the 
household was Ailing the kettle for the morning's meal at the 
front or down stream portion of their dwelling (the sanitary con- 
venience being so arranged as to empty direct into the flowing 
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stream), and for miles this important river is both the domestic 
water supply and the outfall sewer, and when this river reaches, 
as it does, an important city some miles still further down its 
course to the sea, it is but little better than crude sewage. 

We are painfully aware the rivers passing through this city 
are in a like condition, and are disposed to marvel how long 
this abominable system is to prevail : it should be condemned by 
all intelligent men, and should be absolutely forbidden by law, 
but as we are aware, from past experience, that law is seldom 
in advance of public opinion, we shall have to await some 
great public calamity before the two great political parties 
are convinced that public health and improvements in the 
environments of the people at large would be a more profitable 
watchword and battle-cry than a mere quibbling about the exact 
position and importance of a scientific frontier, or the relative 
value and importance of " spheres of influence, M or the " open 
door." 

The solution of the Sewage problem will be then both political, 
scientific and mechanical, and it is to the first of this trio 
we must turn, we venture to think, to obtain a fair starting 
point in the course we desire to see taken. 

We submit the first and most important step should be 
to nationalise the sewage disposal, if we may call it so, or 
to create a National Sewage Board, having powers to plan out 
and to deal with the sewage of the whole country in one, or a 
number of great comprehensible, economical and workable 
schemes, where advantage could be taken of all the physical, 
geographical and industrial conditions of the various districts 
within a given area, not only to collect but to dispose of in the 
most advantageous manner, the sewage and the waste of the 
community, without injury and without risk to any existing 
interests. 
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Let us pause for a moment whilst we see how the sewage 
question is managed on the existing lines. Parliament in its 
wisdom, or its want of wisdom, has made certain laws, the 
objects of which are the promotion of public health, but the 
executive powers are placed in the hands of small local authori- 
ties; Manchester being one of the most important of such 
authorities. We will see how it works out. 

This great municipality is much in the position of a lad 
having outgrown his clothes, and having no cloth available to 
replace the inadequate garments; it is a great residential and 
industrial hive, without provision for its ever expanding 
population, and like the lad before referred to, constantly 
wanting larger " clothes, " until it has finally reached its 
municipal limits, and within its own limits it is found 
impossible to deal effectively with its own sewage without 
endangering the lives and the health of its whole community. 
Powers are, therefore, asked from Parliament to enable this 
sewage to be taken to a place arbitrarily selected, but belonging 
to another authority armed with powers and privileges similar 
to its own, and will, therefore, naturally resist the action of an 
outsider bringing objectionable matter within their district to 
their prejudice and perhaps injury. 

It seems marvellous that a practical people such as we pride 
ourselves to be should so long tolerate legislation which, in 
effect, prevents a community from doing that which the law 
commands it to do. 

How is it possible, for instance, that Manchester could collect 
and dispose of its own sewage and wastes of life of nearly a 
million people within her own boundary without danger and 
without injury to the lives of the whole community? It is 
found impossible, and to go beyond her boundaries opposition 
from adjoining authorities has to be overcome by purchase or 
fought out in the law courts at great cost, which costs come 
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out of the local treasury, whereas any benefits arising from 
improvements in the health of the people is national in import- 
ance, and should be so regarded. 

We remember that a great scheme for dealing with the 
sewage was laid before the citizens of Manchester a year or 
more ago, who by an overwhelming majority rejected the great 
culvert scheme, which was to take the effluent (the least 
objectional portion of their sewage) right away into the tidal 
portions of the river Mersey, and so get rid of it for ever ; it 
was the fear of the expensive opposition which was certain would 
be forthcoming from other authorities, and other interests, 
which, largely, was the cause of the defeat of that scheme. 

We believe both Manchester and Salford this moment stand 
convicted by another authority for allowing sewage, wbich 
is capable of any further decomposition, to flow into the river 
or Ship Canal, an injunction has been obtained to restrain 
Manchester and Salford from doing that which they and others 
have done from time immemorial ; the Courts have allowed a 
period of grace, during which time some other method must be 
found to get rid of putrescible matter, failing which severe 
penalties will be enforced. The City and the Borough authorities 
are now like " Mr. Micawber," waiting for something to turn 
up. It is scarcely to be supposed that the expiring years of 
the enlightened 19th century, science will be found so impotent, 
engineering so helpless, and chemistry so played out, that no 
plan can be devised to help them out of their very embarrassing 
difficulty. 

We think all will agree that it was a piece of wise statesman- 
ship which imposed upon the State the duty of collecting and 
distributing our letters, newspapers and parcels, and also to 
provide intercommunication with each other from Lands End 
to John o' Groats. National postage has been of inestimable 
benefit ; can anyone believe that a national system of sewage 
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would be less so? The first movement in the final solution 
of the Sewage Problem then is political, and it should be our 
duty to press this fact upon our political representatives. 

The second step towards solution will be scientific, and it should 
commence by dividing the country into drainage areas, having 
the physical conformation of the land more in view than mere 
local interests, and should be so designed and devised that 
every habitable house in every town, city, or congested district 
in the kingdom, will be cleared of its sewage or other putrescible 
refuse at every hour of the day, and wherever practicable the very 
moment that it is made. A stagnant putrescible heap should 
never be allowed to accumulate near to inhabited dwellings, for 
bad sanitation always demoralizes its environments ; it pollutes 
the air as well as the water, both of which are the most 
important elements of life. Pollution of the air is one of the 
chief causes of a lowered state of health, which leads, not 
infrequently, to drunkenness, poverty, laziness, and even crime 
itself, for it may be generally accepted that incapacity for work 
and a disinclination to work acts under similar forces, so that 
when one is present so may be the other also ; it follows, there- 
fore, that the able and industrial classes of this country feed 
and clothe an army of incapacitated individuals who gravitate 
into paupers, tramps, loafers and criminals, who neither " toil 
nor spin " to supply their fair share of benefits towards the 
commonweal, but at the same time employ the best energies of 
our civil governing bodies in protecting the moral community 
from influences inimicable to the general well-being of the 
people at large. 

The importance of a thoroughly scientific division of the 
country into drainage areas cannot, nor should not, be over- 
looked, and we venture to think advantage might be taken of 
our admirable system of railways and public highways, by which 
combination, routes may be obtained from city, town and 
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hamlet, fairly levelled and surveyed, that but little further 
engineering would be required beyond laying down suitable 
pipes for the conveyance and distribution of sewage along such 
routes, and the great network of their branches, with which 
this country is so well and so amply provided ; and if the 
railways were also nationalised it would be an additional 
advantage to the whole community. 

Distribution of sewage could be spread over a wider and more 
suitable area than is now either practicable or possible; and 
matter taken from the soil to the soil could be again more 
frequently returned, and being enriched by such abundance 
of fertilizing material, it would enable the English agricul- 
turists to compete with success with the foreigner in our 
home markets, with profit to themselves and advantage to the 
whole nation. 

Agricultural depression might be banished, and a contribution 
to the poor aristocratic landowner by the manufacturer would 
be unnecessary, indefensible, and uncalled for. 

The best and the most modern main and tributary sewers 
might fairly remain, substantially as they are now made, but 
nothing should be allowed to enter therein except that which 
falls from the heavens, or if from certain classes of domestic 
and manufacturers' residuum, it should be made equal in purity 
to that which falls from heaven token it reaches the seioers. 
Any infringement of this regulation should be punished by the 
law, in fine or imprisonment. We then should soon see our 
rivers and streams restored to their ancient pristine purity, and 
even the Ship Canal a favourite resort for those on fishing bent, 
and its waters a rival to the upper reaches of the Thames, where 
house-boats, gaily bedecked, and their crews happy and healthy, 
intent upon obtaining enjoyment from their novel and salu- 
brious surroundings, 
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The third step towards the solution of the sewage problem 
will be a mechanical one, and we know of no body of men more 
fitted for and more able to grapple with this difficulty than the 
members of this Association, who are assembled here to-night. 
We do not expect to find perfect mechanical appliances at once, 
nor by the skill or ingenuity of one man made perfect, but by many 
minds working upon the same object, as we have already seen in 
the case of the steam engine, and other highly effective machinery. 
Before we consider the mechanical appliances for the collec- 
tion and distribution of our sewage, it will be useful to note 
that in Manchester and Salford we have six main arterial 
railways radiating from their centres ; these may be deemed the 
starting points of our scheme, along each of which should be 
laid a main outfall, iron sewage pipe, of but comparatively small 
dimensions, the diameter of which will be governed by the size 
of the district and the number of inhabitants it has to serve, 
and as it will be shortly seen nothing can enter these pipes 
other than from the water-closets, sinks, urinals, and other 
similar receptacles for liquid, animal, and domestic wastes ; the 
combined superficial sectional area of these pipes need not 
exceed those supplying the domestic water supply of this city 
and borough, whilst the tributary pipes, like those supplying 
the water, will be of course correspondingly reduced area. The 
economy of this must be obvious, the city and borough could be 
suitably mapped out into convenient drainage areas, or sub- 
districts, each of which having it own main pipe, and into 
which every dwelling within such district would be connected, 
and eventually connected to the principal arterial main pipe, 
which will then take the course and direction of the various 
arterial railways into which all the pipes from all the various 
districts ultimately join, in short, substantially as do the water 
supply pipes, the difference being the flow being from the house, 
instead of to, as in the latter instance. 
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The flow of liquid sewage, like the flow of domestic water, 
should be under considerable pressure, and therefore flowing 
with considerable velocity towards the open country, where, at 
suitable positions on its route, but at a sufficient distance from 
inhabited dwellings, hydrants or sluices should be attached, 
and the sewage used upon the land, when, where and how, the 
farmers' experience has taught him is the most beneficial to the 
soil, and most advantageous to the crops he has to cultivate. 

We have said the sewage pipes containing liquid should 
be under pressure, the pressure, however, need be inconsider- 
able when compared to the water supply; this fact becomes 
obvious when we remember that — unlike the domestic water 
supply, which is also used for industrial and fire extinguishing 
purposes — its only purpose is to transfer itself, or be transferred 
from each dwelling-house to the land, advantage should be 
taken of the physical formation of the districts through which 
it passes to aid its distribution and increase its power of 
propulsion. We have but to remind you that the height of 
Mottram viaduct, for example, might be utilised for a very 
considerable distribution of sewage, as well as an efficient and 
economical motive power for still wider area of distribution; 
along that valley of course scores of similar incidents will 
suggest themselves to such a practical body as the Manchester 
Association of Engineers. 

Before leaving the question of the means of carriage and 
distribution of sewage, we should like to say that an installation 
of fresh air in compression should be deemed a public necessity, 
and that no residence, however humble, should be considered 
complete without it, the beneficial uses of which would be to 
keep the atmosphere in sick and other rooms in motion, as well 
as warming and ventilating the whole house; and lastly, an 
auxiliary force always at command to accelerate the flow of 
sewage, preventing obstruction, a-nd creating the sewage, making 



THE MANCHESTER SEWAGE PROBLEM. 147 

it practically innocuous at the point of its distribution on the 
land. 

Now, so far as we have gone, we have briefly considered three 
installation systems, the domestic water supply, liquid sewage, 
and atmospheric air, in each of which we have a force and a 
power at hand ready for any mechanical engineer of sufficient 
ingenuity to convert into effective work. 

We venture to think advantage might be taken of this 
effective power in making sanitary appliances, and their con- 
nections to the main sewers less dangerous to the community 
than is now possible or practicable, the power of a giant could 
be used with the force of a giant, and not, as at present, reduced 
to the feeble power of a pigmy. We now find in all water 
flushing sanitary appliances, and especially in the case of a 
W.C., the large porcelain basin with its large foulable surface 
area, which of necessity requires a correspondingly large quantity 
of water to flush away its contents, generally about three 
gallons, retained in a cistern placed a few feet above the 
seat of such W.C. ; this apparatus might with advantage, be 
changed into a more effective mechanical appliance, arranged 
in such a manner that a deposit should soil the least possible 
surface of its receiver, and that the full and effective force of 
the water installation should be utilised to carry it right away 
into an hermetically sealed receptacle, and from thence injected 
into the main or tributary sewage pipes, before described. One 
quart of water properly applied, would be found more efficient 
than three or more gallons now so lavishly wasted in the 
present unmechanical method of its use. Similarly, wastes 
from sinks, urinals, and the like, should be efficiently and 
effectively dealt with in like manner. 

Wastes from both baths and lavatories might be allowed to 
flow into the surface outfall sewers, but seeing all surface 
drainage in congested districts contains considerable organic 
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matter it should never be allowed to flow into either river or 
canal, until it is first made free from putrescible matter. 

At the recent Sanitary Congress, held at Birmingham, Mr. 
T. de Courcy Mead, the Manchester City Surveyor, is reported 
to have said : "That the average daily flow of sewage into the 
Manchester system in 1897 was nearly twenty and a half 
million gallons, and that the flow per head of population was 
thirty-nine gallons per day in May to fifty gallons per day in 
December last. The quantity of water supplied was twenty-eight 
gallons per head per day, seventeen gallons of this would be for 
domestic use, and the remainder for trading and public purposes. 
The difference between the total quantity of sewage reaching 
the works and the water supplied was largely due to the 
admission of underground water, which passed into the old 
sewers and drained through defective joints." 

Now all the above sewage, varying as we have seen from 
thirty-nine to fifty gallons per head per day, has to be collected 
and conveyed to the outfall works, and there either purified or 
sent into the Ship Canal, in a more or less crude state. Now 
in the plan I have indicated to you there would be the water 
due to rainfall, trading and public purposes, as also water from 
baths and lavatories only to be dealt with, prior to passing it 
into the canal or other flowing streams. 

The solid and liquid sewage, as we have already shown, should 
be a separate installation, and the total quantity, when com- 
bined with water for flushing and cleansing purposes, would be 
but about five gallons per head per day. It will thus be seen 
the size of the pipes, and the power required for its conveyance, 
and the economy in cost of maintenance and its manipulation, 
bear no comparison to the present inefficient and inadequate 
system. 

Ashpit refuse, so-called, in considerable quantities has to be 
dealt with in all large towns and cities, but especially so in 
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districts where fuel is cheap and abundant, as in this city for 
example, containing, as it does, nearly every kind of animal, 
mineral and vegetable matter, which in the aggregate, amounts 
to about 250 tons to every thousand inhabitants per annum. 

How best to collect, convey, utilize, and finally dispose of the 
residuum of this unpleasant material is a problem ready and 
waiting for any clever and enterprising mechanical engineer to 
immortalise his name and fame, and at the same time make a 
fortune, for it cannot be supposed that an intelligent population 
will continue to tolerate the present system of conserving this 
S6wage until fermentation has made it positively dangerous to 
health, and then diffusing its germs to the winds of heaven, in 
the present manner of its collection and conveyance, through 
crowded thoroughfares, spreading infection in all directions. 

We have said all the wastes of civilization should be dealt 
with at every hour of the day; accumulation, and with it 
stagnation, should not be permitted, germination could not then 
take place, and the matter could be safely dealt with, without 
nuisance and without injury, in districts suitably selected, where 
it might be converted into effective power practically sufficient 
to be made self-collected and self-conveyed to suitable depots 
erected for that purpose. 

It does not appear to us to be beyond the range of practical 
mechanics to provide an effective installation which would con- 
vert this flamable mineral, vegetable and animal matter into a 
power which would go a long way toward being sufficient for the 
provision of the compressed air installation we have previously 
referred to, or for other mechanical purposes, where from a 
centre, arterial mainpipes with their corresponding branches, 
connected to suitable receiving stations, the refuse could be 
(by the power of propulsion and exhaustion) " pulled" and 
"pushed" to its destination, without disturbance and without 
any personal manipulation of any human being. Manchester, 
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Salford and contiguous districts, containing as they do a million 
or so of a population, have about 250,000 tons of refuse to collect 
and dispose of per annum, which is somewhat less than 30 tons 
per hour, an insignificant quantity compared with 500 tons per 
hour said to be lifted and distributed at the grain elevator at 
Trafford Wharf, Ship Canal. 

We have indicated the direction which, in our opinion, the 
solution of the sewage problem may be found, although we fear 
in a very imperfect and inadequate way ; our desire is to find 
some way by which the lives of human beings may be prolonged 
and the death rate materially reduced, and this we venture to 
think can be attained in the direction we have indicated. 
Perfection in the conception of a scheme we do not suggest, for 
perfection exists only in the Almighty, but we can each leave 
our mark upon the sands of time, and no mark can be more 
worthy or more holy than making the lives of our fellow men 
happier, because healthier, and their environments cleaner, 
and their intellectual powers more refined by reason of clean 
and cheerful surroundings which the solution of the sewage 
problem will certainly bring about. 



DISCUSSION. 



Mr. Ford said the paper was very interesting and he did not 
speak despairingly, because of the extent to which the author 
had used his imagination in formulatiDg his scheme. The 
paper was noteworthy with respect to the number of ideas that 
the author had gathered together, the breadth of view displayed, 
and the skill exhibited in outlining a national system of sewage 
disposal. Mr. Ingram was to be complimented on the skilful 
and delicate manner in which he had handled the subject. 
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Mr. C. H. Berry said that with regard to disposing of the 
sewage by pressure through pipes, this might be done by 
putting sufficient pressure on the pipes from a town's centre, by 
which they could all be cleared to some outlet outside. The 
pipes could also by this means be disinfected, either by a current 
of air, water or other suitable fluid, as often as considered 
necessary. 

Mr. Joseph Nasmith said we were no doubt wasting, year by 
year, and day by day, an enormous manurial force, which would 
render us independent of all foreign sources of manurial supply, 
if we only knew how to apply it. One of the chief difficulties 
that beset engineers who tackled this problem was not so much 
that of finding an outlet for the stuff upon the land as of how 
to get rid of it as quickly as possible. In his judgment the plan 
of arranging the whole of a drainage area to drain to one point 
was impracticable, and to a large extent wasteful, whilst he was 
perfectly certain the cost of it would deter any public authority 
from taking it in hand. That it would be advisable to have a 
Central Drainage Board to replace the Local Government Board, 
who were very much fossilised in their ideas on this and other 
questions, he might be disposed to admit. The one cry of the 
Local Board was " land filtration." It must be remembered 
that land filtration was not the only thing to study in connec- 
tion with sewage. It was becoming not so much a question for 
the sanitary or mechanical engineer, as for the biologist and 
the bacteriologist. It had been proved beyond a doubt that if 
they allowed ordinary faecal matter, including even solids, such 
as leaves of vegetables, onion skins, paper, and other etceteras 
which went to make up sewage, to run into and remain in a 
sealed tank for a certain period it would become absolutely 
liquid. Two classes of microbes affected the sewage problem. 
These were the aerobic microbes, which demanded oxygen for 
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their existence, and anoerobic microbes, which could dispense 
with oxygen. The anoerobic microbes turned the solids in the 
sewage into liquid, and it could then be passed forward and by 
precipitation, discharge a large proportion of the solids. The 
remaining effluent could be passed through a filter and be 
rendered as pure as it was possible to make it. It had been 
discovered that if they passed a certain portion of this liquid 
sewage into a filter, allowed it to stand for a certain time until 
the anoerobic microbes had performed their work upon it, and 
then emptied the tank from the bottom and allow the air to pass 
into it, the second class of microbes would immediately set to 
work and purify and oxidise everything in the tank, so that 
they would obtain at the end a perfectly pure effluent. They 
could ascertain whether the tanks were performing their duty 
by analysing the effluent and ascertaining the amount of nitric 
acid in it. He thought it was in the above direction that they 
were going to obtain a solution of the sewage disposal question ; 
he did not say that it would solve the problem as to how we 
were going to get back to the land the manurial forces contained 
in sewage. In the case of ordinary household sewage the 
microbes were given full play, but in the case of manufacturing 
sewage, there were frequently elements which hindered the 
action of these microbes. This difficulty could only be met by 
insisting upon manufacturers carrying out at their own works, 
at any rate, a partial system of precipitation, which would take 
out of their own sewage most of the solid matter, passing only 
the effluent into the public sewers. 

At any rate they must protest against the dictum of the 
Local Government Board, that the sewage could only be dealt 
with through land filtration. This system was attended by the 
difficulty of finding suitable land, of preventing the beds being 
choked up, and when they were choked up, of clearing them 
for further use. If artificial filters were made, it was possible, 
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by simply aerating them, to purify and clear them, and make 
them much more effective than they had been up to the time at 
which they became choked. 

Mr. Ingram suggested that railway cuttings and embank- 
ments might be utilised for his scheme. Such a suggestion, in 
his opinion, would only be partially practicable, because in 
many cases the gradient at which the sewers had to be laid 
down would not correspond with the railway gradients, and 
then again, the railway companies would, no doubt, raise 
objections to the utilisation of their cuttings in this way. 

Where they got the sewage diluted by a sufficient quantity 
of water the sewage problem was solved, but this was only 
possible in seaside places or small country villages with an 
adjacent river of considerable size or the possibility of a 
discharge into the sea ; Eastbourne being a case in point. 
This was, however, impossible in Manchester, and their only 
eourse was to adopt some treatment such as he had suggested. 
There were many objections to the plan of cleaning the pipes 
by compressed air. If there were any leak in the pipes the 
pressure would force the sewer gas out. In Amsterdam there 
was a system of pneumatic suction which drew the sewage along 
the pipes into tanks at various parts of the town. If there 
were any leak in the pipe, instead of letting sewer gas out, air 
was admitted and any mischief due to badly jointed pipes was 
obviated. 

In public schools in America ventilation by propulsion was 
adopted, warm air being forced into the rooms several times in 
the course of an hour. The closets there were constructed simply 
of seats opening over a pit, at the bottom of which was a raised 
brick grating, on to which all the faecal matter fell, allowing 
plenty of drainage. This was coupled to the exhaust shaft, 
and the result was that the warm air, which was filling the 
school, was permitted to flow down the seats over the faecal 
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matter and up the chimney, escaping into the air at the top. 
All the focal matter and urine was thus dried, and was disposed 
of during the school recess in a very simple manner. 

Mr. Cartwright, of Bury, said the sewage problem was a 
difficult one. The method suggested by the author of the paper 
was novel, but at the present time he feared it was impracticable 
varying, with the quantity of sub-soil, water gaining access to 
the sewers, the admission of manufacturers' refuse, the distance 
travelled in the sewers, and many other matters rendered 
sewage both variable and complex. The Local Government 
Board had a regulation that any scheme securing their sanction 
a quantity of land must be attached ; still sewage could not be 
purified by simply pouring it on to the land in its crude state, 
it must undergo previous treatment, even if it be sent to the 
land at a later stage. 

In precipitation schemes lime had in the past been largely 
employed, but it was found that its use in large doses, although 
producing a bright effluent, set up secondary decomposition 
when it reached the river. Iron had long been known to have 
a purifying effect on water, and in many cases it was now 
largely used in the form of sulphate. By its adoption at the 
London outfalls the cost of treating the sewage has been 
reduced from £82,000 per annum to £81,000 per annum. 

He had advised the Corporation of Bury to adopt a scheme 
of precipitation, to be followed by artificial filtration, and the 
works were approaching completion. By the process the sludge 
was deposited in tanks and afterwards dealt with by pressing 
and burning. 

In Lancashire the waste waters from chemical works, dye 
works, paper works, bleach works, etc., which found their way 
into the sewers, were not rich in nitrogenous matters but in 
carbonaceous matters, both in solution and suspension, and 
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these substances were not so easily decomposed, and their 
presence in a mixed sewage was therefore objectionable. 

At Bradford the Corporation and the manufacturers had come 
to the conclusion that the domestic and trade refuse should be 
treated separately. 

Notwithstanding the drawbacks and imperfections of the 
present day arrangements in dealing with the vexed question, 
he was afraid that the appointment of Joint Boards, as suggested 
by the author, over certain areas would not materially improve 
the situation. 

The nationalization that would be productive of the greatest 
good would be that the Local Government Board should, instead 
of prosecuting Sanitary Authorities, who are at their wits's end 
how to effect a solution of the question, go on the line of the 
Massachusetts Board of Health, who use the taxes by employing 
experts to advise all Sanitary Authorities, who apply to them 
for assistance, as to the best methods to be adopted in dealing 
with the sewage of their respective districts. 

The President then read a written communication he had 
received from Mr. James Saxon, which ran as follows : — 

Whilst I cannot agree that the nationalization of the sewage 
is at the present moment a matter even within the range of 
practical politics, any more than the nationalization of land, 
yet I can see that certain advantages would accrue to the 
country if it were nationalized, as it would in the case of most 
things of a general character affecting the whole of the 
community. 

It appears to me that the country has already taken one of 
the steps advocated by the author, viz., the division of the 
country into drainage areas. These drainage areas, which 
comprise the whole of a particular watershed, are governed by 
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a committee which has only power to enforce proper sewage 
treatment on the various authorities within their jurisdiction. 
These committees, such as the Mersey and Irwell and the 
Ribble Committees, ought, in my opinion, to have power to 
treat the sewage themselves, and apportion the cost in some 
way over the various authorities in that particular watershed. 
By adopting a general method of this kind, the sewage would 
be dealt with more effectually and cheaper than it possibly can 
be by the various authorities each employing a different method 
of treatment. 

The suggestion in the paper as to a proper network system 
of iron pipes for the collection of the sewage from a certain 
district to a centre where it may be properly treated, is already 
solved by the Liernur system of pneumatic sewage removal, 
patented by the late Captain Liernur, and used at Amsterdam, 
Leyden, and other places with great success. Manchester had 
the opportunity in 1882, on the initiative of Councillor, now 
Alderman J. W. Southern, of adopting this system experi- 
mentally, but, although recommended by the Health Committee 
of that period, it was rejected in favour of the expensive water 
carriage system. It is not too much to say that if this system 
of sewage had then been adopted, a saving of some hundreds of 
thousands of pounds might have been effected, and that instead 
of the prospect of indefinite and constant expenditure which lies 
before us in dealing with Manchester sewage when collected, it 
might have been turned to beneficial and profitable use. A 
description of the Liernur system of sewage disposal may be 
interesting to members. 

The Liernur system consists of a double set of conduits, one 
serving exclusively for house, rain, sub-soil, and sufficiently 
cleansed industrial water; the other exclusively for faecal 
matter. Owing to the division of work thus effected, the cost 
*sf construction of double sewerage is less than the single sewer 
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of the water carriage plan. In order to distinguish the 
two parts of the system from each other we will call them 
" water sewers " and "faecal sewers.*' Liernur's water sewers 
cannot pollute the soil with faecal matter, as they do not receive 
such ; and they are far cheaper of construction, not only on 
account of being much smaller in size, but also on account of 
not needing the expensive structures for entering, ventilating, 
and cleansing required by the water carriage plan. The faecal 
sewers consist of cast iron socket pipes emptying into air-tight 
iron reservoirs which are placed below the pavement, centrally 
in a town district, the town being divided into such districts. 
The closets of the houses are connected with the system by 
means of branch-pipes of the same size and kind as the street 
pipes. The district reservoirs are operated upon by a so-called 
" pneumatic main," which passes by them all and leads to an 
engine house placed at some convenient distance out of town. 
In this engine house air-pump engines are erected for main- 
taining in the pneumatic main a vacuum of about three-fourths 
atmosphere over its entire length. When a connecting valve or 
cock is opened between the main and any district reservoir, the 
latter will suddenly be deprived of air, and thus obtain "suction 
power " for emptying the closets of all the houses connected 
with any street pipe discharging into that reservoir, it being 
only necessary to open one single cock for the purpose. The 
faecal matter being thereupon collected in the reservoir is by 
means of the same main despatched without delay to the engine 
house, in order to be immediately converted into poudrette. 
The gases pumped out of the pipes are burned in the furnaces 
of the engine house and rendered inoffensive. 

Water closets, like those used on the water-carriage plan, can 
be applied. The dilution due to these not only does not prevent 
the substance being converted into a dry powder, but Captain 
Liernur has succeeded in doing this so cheaply that its market 
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value is sufficient to cover the cost of working the system, and 
to pay interest on the capital cost of construction. 

In 1894 the system was applied to 8,678 houses, and a popu- 
lation of 62,572. The sulphate of ammonia produced amounted 
to 601 tons, and its sale left a profit of about 98,000 francs. The 
cost of working was reduced to one franc twenty-eight centimes 
per head, say 12£d. In consequence of this remarkable result, 
the Municipal Council of Amsterdam decided upon a great 
extension of the system, and to this end voted a sum of 148,000 
florins, to extend the system to 1,102 additional houses, and a 
further population of 21,539. 

The great advantage of Captain Liernur's plan consists in 
this : that towns can get rid of their refuse with less building 
capital, and without the trouble and expense of irrigation fields, 
whilst the material produced can be stored by farmers until the 
time arrives for using it profitably in the customary process of 
agriculture. 

With respect to the Manchester Sewage Purification Problem 
I have no doubt, now that the Culvert scheme is disposed of, 
that the "bacteriological" treatment of the sewage will be 
adopted with success, so far as purification is concerned, though 
the expense may be considerable. 

Mr. Jos. Butterworth referred to the "pail" system introduced 
by Alderman Taylor, in Rochdale, twenty years ago, by which 
as much as possible of the solid matter was got out and burnt. 
There were objections to this method, but he thought there 
were ways in which mechanical engineers could overcome the 
difficulties, and it at any rate indicated the direction in which, 
in his opinion, a start should be made in dealing with sewage. 
Difficulty was caused owing to the tremendous amount of water 
with which they had to deal. 
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was not only intended to serve Chicago but seven or eight other 
towns in its progress towards a tributary river of the Mississippi 
which carried it onward into the sea. 

The only apparent method of solving the problem was by 
carrying it away. If they adopted precipitation and made the 
residue into cakes by means of sludge presses, the farmer would 
not have them for love or money. The only way seemed to be 
to have a culvert or canal, or some means of " dumping " the 
matter into steamers which would carry it to the ocean. Mr. 
Daniels was correct in his reference to the proposed culvert 
by the side of the canal. 

Mr. Staniporth said the first thing was to make the question 
a political one. The Government should take the matter up 
make it a national question, and, after perfectly thrashing it 
out, decide upon what was to be the proper method of disposing of 
the sewage, and then tell all the Local Boards and authorities that 
that was the way in which they must proceed with the matter. 

He was in favour of a culvert scheme, if it could be made 
more perfect than the one brought before the Manchester rate- 
payers. If Manchester made a culvert, and other towns followed 
her example, they would have twelve or twenty culverts in the 
same watershed. That would not be a satisfactory state of 
affairs. If, however, they could make one culvert, and induce 
all the towns in the watershed to join them, the question would 
be much simplified and the expense reduced. 

Mr. Councillor Simpson asked the author to withdraw his 
reference to the " Micawber-like " attitude of the Manchester 
Corporation. As a matter of fact a very large amount of 
time, skill, and money had been devoted to the question. 
Some gentlemen seemed to think that it would be easy to 
destroy by heat certain portions of the sewage and convey the 
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remainder to the sea. He fancied there would he objections 
raised in any neighbourhood in which the necessary destructors 
might be placed, and also at the sea-side places at which the 
matter was dumped into the sea. 

He fancied that the remedy was possibly more in the direction 
suggested by Mr. Nasmith. 

Mr. Cunliffe, of Kadcliffe, said the Local Board there had 
treated them more liberally than at other places. They had a 
population of about 26,000, and had a very successful system, 
carried out by the Corporation's own engineer, of settling tanka 
and artificial filters. A portion of land had been reserved 
which they would have to use if this was insisted on. They 
were at the present time duplicating the tanks, because a further 
district had been added to the area covered. They had, however, 
some difficulty with the sewage from dye works. 

Mr. Ingram said he was sorry he could not withdraw his 
reference to the " Micawber-like " attitude of the Manchester 
Corporation, although he was ready to admit that the Man- 
chester Corporation had expended much money, time and skill 
in dealing with its sewage, yet it was notorious that in this 
particular field of municipal enterprise Manchester had been 
content to follow rather than lead ; he referred more particularly 
to the so-called " Dolly Varden " system and refuse destructors, 
in both of which the better types had not been selected. As to 
destructors he could understand objection being raised to those 
of the type put up in Holt Town and Water Street, but Mr. 
Simpson must know that there were types of destructors in use 
at other places which caused no nuisance whatever. 

Professor Crooks had dealt in a very interesting and forcible 
manner with the enormous waste of manurial substances that 
was going on in this country. He says that "in the United 
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Kingdom alone we are content to hurry down our drains and 
water-courses into the sea fixed nitrogen to the value of no less 
than £16,000,000 per annum." The greater portion of this 
would he saved to the nation if the system he (Mr. Ingram) 
advocated was carried into effect. 

The septic system, which was only of yesterday's growth, 
had not so far proved a great success. 

He had never suggested that there should he an enormous 
pressure in the pipes that would collect and distribute sewage. 
The pressure would be very inconsiderable, and that always in 
the pipes near to the houses and away from the arterial drains; 
any leakage that took place would be inside and not outside the 
pipes. 

The Liernur system had never spread far beyond Amsterdam 
and Kotterdam, and the reason why it was used there was that 
ordinary gravitation was impossible, as the towns were below 
the sea level, and they had to employ force of some kind to get 
rid of their sewage. 

He had not said that the whole system should be done by 
gravitation ; what he said was that if the whole system was 
blocked out in drainage areas it could be distributed all over the 
-country, and sewage farms could be arranged wherever the land 
was suitable. The area of selection would be so large and so 
diverse that farms could be arranged at places where drainage 
would be quite unnecessary. 

Mr. Johnson was right in his estimate of the number of 
pipes, but was totally wrong in his estimate of the cost. The 
expense in carrying out a great national sewage system would 
be an enormous economy when compared to the large number of 
schemes all over the country in nearly all of which are but 
tentative and temporary, and all must be re-modelled ere they 
tooome within measurable distance of perfection. 
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He had wished, in writing his paper, to make a suggestion as 
to the direction in which the sewage problem could be solved. 
He was perfectly certain that the only solution was the national 
one. He felt rather complimented when some of the speakers 
remarked that he had appealed largely to his imagination rather 
than to common sense in dealing with his subject. Imagination 
had played a great part in the history of this country, and he 
ventured to say that if they could put some of these imaginings 
into concrete form the solution of the problem could be easily 
and cheaply effected. They should all subordinate self-interest 
to the interest of mankind ; selfishness is the darkest side of 
ignorance, and individual prosperity of the highest order is 
possible only in the happiness and prosperity of mankind, which 
happiness is attainable only by clean and healthy surroundings, 
which the solution of the sewage problem will bring about. 
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The beginning of the nineteenth century witnessed the first 
recorded instance of the successful application of iron to the 
purpose of building. Destructive fires and the enormous 
premiums which the Insurance Compauies asked created a 
demand for durable structures, and in 1801 a fireproof mill was 
erected in Manchester, for Messrs. Phillips & Lee, with beams, 
columns, and roof principals, of cast iron. The engineers were 
Messrs. Boulton & Watt. We should now-a-days probably 
think the building as designed then was clumsy and out of 
proportion, with its forests of columns — 9ft. apart centre to 
centre — which had to carry the whole of the seven stories. For 
twenty-five years this building seems to have been the standard 
for subsequent erections, and little variation took place until in 
1824 an improved section of cast iron beam was introduced by 
Professor Hodgkinson. In spite of this improvement, however, 
several alarming disasters arising from defective castings or 
faulty designs, occurred up to about 1850, one in an Oldham 
factory in 1844 involving a loss of 20 lives. 

The uncertain character of cast iron led to the adoption of 
wrought iron for beams and principals. Although more 
expensive, this material had the advantages of safety, strength, 
lightness, and better appearance ; it also afforded extended 
space for the convenient arrangement and free working of the 
machinery in the different mills and workshops. 
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Id 1855, at the Paris Exposition, some wrought iron beams 
were exhibited of French and Belgian manufacture, showing a 
degree of excellence hitherto unattained in this country. They 
were of the H section, and being rolled in one piece a con- 
siderable saving was thus made in the construction over what 
had previously been made up of plates and angles, and a greater 
uniformity was obtained. For many years the Belgians and 
the French seem to have been ahead of the English in the use 
of wrought iron for building, as for a time the English architect 
was slow to change from the old style, and viewed the new with 
prejudice. Another reason why so little was made in England 
of the manufacture of rolled iron beams was because the 
English rolling mills were very busy on orders for material of 
other sections, which the makers considered were more 
profitable. 

About 30 years ago the English makers began seriously to 
compete with the Continental firms by making small sections 
of wrought iron and steel for use in the construction of buildings, 
and now they, with the makers in Belgium, Germany, France, 
and America, manufacture steel H bars up to 22in. and 24in. 
in depth, in lengths up to 60 feet. 

Our Colonies, where building material and labour are very 
costly, began long ago to see the advantages of iron structures 
for factories, custom houses, corn mills, &c, &c, and these have 
been erected in large numbers all over the world. To-day an 
immense export business is being done to Japan, China, India, 
South America, and elsewhere. 

Many persons think that in the use of steel for buildings we 
in England are a little behind our American cousins. In 
America, as we all know, the high buildings are and for some 
years have been, constructed almost entirely of steel, with the 
walls and floors filled in afterwards. We are in full sympathy 
with the method adopted across the water, and are glad that 
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English architects and engineers are now falling into line and 
the American system is being largely adopted. In an article 
contributed to the Engineering Magazine, Mr. Charles D. Childs 
informs us that the difference in the practice of steel construc- 
tion between the American and the English system is accounted 
for to a large extent by the difference in the conditions. The 
architects in each country are bound by the respective building 
laws, and whereas what we consider fireproof buildings in 
England would not very likely be passed in America, at the same 
time it is almost sure that the authorities would not allow 
buildings to be erected in Manchester of 20 or 80 stories, or as 
they are called " sky scrapers." 

The excessive height of the American buildings has necessi- 
tated the use of steel skeleton construction in order to economise 
weight, and consequently thickness of the walls in the lower 
story, which otherwise would occupy valuable space, to say 
nothing of the cost of the material and labour. The usual 
thickness of the walls in America is only from 13£in. to 18in. 
In England the thickness of the walls at the ground floor level 
is usually about 27in.; if, however, instead of being five or six 
stories, as the buildings are in England, they were built three 
or four times as high, the increase in the thickness would have 
to be enormous, and the steel skeleton framework would 
probably come into general use. The steel construction, there- 
fore, has to adapt itself to the style of building prevailing in 
the different countries. The great difference, broadly speaking, 
is that whereas in American construction each storey is sup- 
ported entirely by girders at the ground floor level of that 
storey, in the English system the weight of the building rests 
mainly on large Bessemer girders on the first floor level. The 
steelwork in an American building begins a few inches above 
the bottom of the excavation, and consists of layers of steel 
beams embedded in concrete to form the piers on which the 
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steel bases of columns rest ; the bottom layer being so designed 
that the load is distributed to the ground on an allowable 
pressure of from two to three tons per square foot. Anchor 
rods are embedded in the concrete, and bolt the column bases 
to the flange of the uppermost layer of steel beams ; by this 
means the height of the pier is considerably lessened, effecting 
a saying in excavation and concrete. 

It is our intention to attempt to show why steel is the best 
material to be used in the constructional parts of warehouses, 
manufactories, engineering works, &c, and to illustrate how it 
may afterwards be covered over or clothed with masonry, 
marble, terra cotta brickwork or woodwork ; thus preserving all 
the architectural features of a highly artistic building, while at 
the same time the building itself is strong, reliable, and of a 
permanent nature. We propose also to describe the most 
recent adaptation of steel as applied by some of the leading 
architects and engineers of the day, and to outline in a very 
brief way what we consider are some of the advantages to be 
derived by the use of steel in the buildings of a large manu- 
facturing city, like Manchester, Glasgow, Leeds, or Liverpool. 
It is not proposed here to enter into or explain the many 
different systems of fireproofing in buildings, although steel 
enters very closely into almost every method. This subject is 
in itself of sufficient importance for a separate paper. 

To return to the main subject of this paper, we affirm that 
steel is the best material to be used for the framework of 
buildings. 

1. It takes up much less space than stonework, brickwork 
or timber. This in itself is of very great importance where 
land is valuable, viz. : in the centre of Manchester, where 
it is worth £9 per square foot, and if the same results 
can be obtained from the use of a steel pillar, say 12in, 
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square, as in a brick or stone column 4ft. square, then 
there is a clear advantage in favour of steel. 

2. It enables the architect to make the windows much 
larger, and this is a great convenience in narrow streets 
where light is so much obstructed. 

8. It is more reliable than cast iron or any other 
material, and is not subject to dry rot, or failure through 
knots, sap and flaws, such as are met with in timber. 

4. It can be produced at a price which will compare 
favourably with any other material. 

5. By the use of steel the whole constructional part of 
a building can be made and erected without waiting for 
any other trade, and much time can thereby be saved. 

MATERIAL. 

Assuming that it has been decided to use steel in the 
construction of any given building, the first thing to be 
considered is the quality of the material itself. This as you 
know, is of primary and vital importance. It is comparatively 
easy now-a-days to obtain a high- class structural quality in 
view of the fact that so much time, money and brain- work have 
been expended on gettting the finished article, such as plates, 
angles, tees, bars and joists, to such a state of perfection. 

The old fashion of ordering material by the brand, such as 
"Best," "Best, Best," and "Best, Best, Best," is now exploded, 
and is superseded by the modern plan of ordering it to a certain 
test. 

The best works in England and Scotland are always glad to 
show the whole process of manufacture and testing to the 
users, and as they roll the material to a standard and 
recognised test, then the Architect and Engineer have a firm 
and reliable basis on which to make their calculations as to 
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strains of compression and tension. The factor of safety in 
steel now accepted is as follows : 

(a) Three is accepted as correct for steel subject to 
dead and non- variable loads. 

(b) Four for steel subject to ordinary or slightly 
variable loads. 

(c) Five for material subjected to shocks or heavy 
moving loads. 

The steel used for constructional work is either Bessemer or 
Open Hearth steel. Some Engineers prefer and specify the latter, 
on the ground that although it is more expensive to make, still it 
is more reliable. The additional expense of the Open Hearth 
steel is in consequence of the time taken in manufacture, a cast 
of Bessemer steel being made in a period of 15 to 20 minutes, 
whereas a cast of Siemen's steel takes 10 to 12 hours. As a 
general guide, it has been ascertained through lengthened 
practice that steel in constructive work exposed to vibration, 
heating and cooling, or to variable strains, ought to be made of 
Open-Hearth steel, while Bessemer steel will answer very well 
for structures which have a steady distributed load, and are 
subjected to no great differences of temperature. The safest plan 
is to use a moderately mild steel with a tensile strength of 26 to 
32 tons, which will elongate at least 20 per cent in 8 inches, 
and showing contraction of 40 per cent, at point of fracture. 
Any strip of such steel cut off the bar ought to stand bending 
cold round a curve whose radius is equal to 1J times the 
thickness of the piece tested, and should weld easily. 

The average analysis of this class of steel is as follows 

Carbon *15 to '25 

Manganese, from ... *45 to *60 

Phosphorous, under ... '08 

Sulphur '07 

Silicon *05 
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USES FOR STEEL. 

The chief uses to which steel can he applied in buildings to 
advantage are as follows : — 

(a) For foundation grillages or cribwork in lieu of stone 
or brick piers. 

(b) For columns and uprights in place of stone, brick- 
work, or cast iron. 

(c) For beams to carry the floors in place of wooden, 
wrought, or cast iron beams. 

(d) For supports or core to flooring, either as joists 
embedded in concrete, or fireproof blocks, or as plates in 
corrugated form, such as Hobson's, &c. 

(e) For roof principals and framing. 

(/) For partitions and doors in places where space is 
of importance. 

(g) For staircases, fire escapes, &c. 

COLUMNS AND STANDARDS. 

It is now generally acknowledged that steel columns are very 
much to be preferred to brickwork, stonework, or even to cast 
iron columns, for the following reasons : 

(a) They occupy less than a fourth the floor space of 
pillars in stone or brickwork. 

(b) In a cast iron column there is always the possibility 
of the thickness of metal being uneven, owing to the 
shifting of the core. This cannot occur in a properly 
constructed steel column. 

(c) Steel columns of suitable sections lend themselves 
more easily than anything else, and can more easily be 
adapted for supporting on each floor the cross girders and 
joists which carry the floor. 

(d) They are able to resist flexure and are thus more 
suitable for long columns as it is well known that long 
columns do not fail from crushing, but from flexure. 
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(e) They are more capable of carrying an uneven load, 
i.e., an unequally balanced one. 

(/') They can withstand shocks or suddenly applied 
loads much better than cast iron. 

(g) They are more suitable for stiffening the framework 
to a building, as they practically form one continuous 
member from foundation to roof when the joints are 
riveted together on the site. 

(h) They are more quickly manufactured: this we 
venture to suggest is a point in these days of high pressure. 
(i) From an economical stand-point there is a saving 
as although steel is more expensive than cast iron, still the 
saving in material used frequently more than compensates 
for the additional cost in labour. 
Before illustrating any sections or designs of steel columns 
or girders, a word should be said of the great and vital import- 
ance of seeing that the foundations of the building are of a high 
class and satisfactory nature. This is a matter for the Architect 
himself to deal with. It is also necessary that the columns be 
firmly bedded on their base, the joints and connections well 
made, so that the line of thrust may coincide as near as possible 
with the line of axis, as columns irregularly fixed lose a con- 
siderable amount of their strength. Eeferring to Plate 1 : — 

Fig. 1 represents the familiar section of rolled steel which is 
the most useful form of standard for carrying medium loads, 
such as in a one-storey building. 

Sections of this form are most suitable where the depth of 
the flange is nearly the same as the web. 

Figs. 2 and 3 are stronger in section, being stiffened by 
means of plates or channels riveted on as shown. These are 
suitable for two-storey buildings. 

Figs. 4 and 6 represent sections of columns which have been 
frequently adopted with success for workshops of twQ or more 
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bays, and provide for carrying the overhead travelling crane 
girders, one on each of the two outer members, while the centre 
member is used for supporting the roof principals. They take 
up much less room than the old fashioned large cast iron 
standard, and attachments for shafting brackets can be very 
easily secured to them. 

Fig. 5 is a similar section to No. 4, but strengthened by 
means of plates. This may be used for longer pillars or heavier 
loads. 

Fig. 7 represents a section built up of Z bars and plates. 
This pattern has been used extensively in America in many of 
their high buildings. 

Fig. 9 is an exceptionally strong pillar designed by the 
Architect for the new Midland Hotel in Manchester. This will 
have to carry very heavy and unequally balanced loads. 

Fig. 10 is a useful and economical standard built of channels, 
joists and plates. It can be made in many sizes, from lOin. x 
lOin. to 18in. x 18in. This is the section suggested for use in 
the seven -storey building in our illustration. The plates and 
channels would be gradually stopped off as the upper storeys 
were reached, leaving the H bar alone to carry the roof. 

BEAMS AND GIRDERS. 

Steel girders possess most of the advantages over cast iron 
beams that we have already noted in favour of steel over cast 
iron columns. They also enable the architect to place the 
columns very much farther apart, additional floor space is 
thus secured, and there are not the obstructions usually found 
where cast iron is used. In comparing these with wood beams, 
it will be noticed that the depth necessary in a wooden beam 
seriously interferes with the head room in a building, and they 
can only be used in places where the span is small. It is very 
interesting to notice and compare the relative sections required 
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of wood and steel for a given span. Take for instance a steel 
joist lOin. x 6in. x 16ft., this at a span of 14ft. would bear a 
safe distributed load of 16 tons, whereas we should require a 
pitch pine beam of 20in. x 12in. to carry the same weight. A 
system in vogue some years ago was to bolt wooden beams to 
each side of an iron flitch plate, fin., £in. or fin thick, by 
means of bolts about 18in. pitch. This plan is not only cum- 
bersome but costly, and is now very seldom adopted. 

The disadvantages of cast iron as a material for floor beams 
are now generally recognised, and because of its uncertain 
character its use in bridges has long ago been given up. Cast 
iron is not so well suited to stand shocks as steel, and there is 
always a possibility in cast iron of a weakness through blow 
holes and defects under the surface. In addition to this the 
unequal cooling of a casting increases the liability to unequal 
strains in the flanges or web Beams are now seldom made 
of wrought iron, as mild steel is a more trustworthy and elastic 
material, whose tensile and compressive strength is nearly 
uniform, and averages between 40 to 50% in excess of wrought 
iron. 

Before describing the various forms of steel beams and girders 
it is essential to notice that the joints and connections between 
steel girders and columns and between cross joists and girders 
should be carefully worked out, and accurately made. The 
proper number of bolts and rivets should always be calculated 
for strength and bearing area, and the bearing surfaces should 
be carefully fitted together. 

Referring to Plate No. 2 : — 

Fig. 1 represents an ordinary steel girder in every day use 
suitable for carrying a Manchester warehouse floor in general 
conditions. This is the most common form of main girder, and 
consists of a joist with plates riveted to the top and bottom 
flanges. 
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Fig. 2 illustrates a form of web-plated girder made up of 
angles, flats and plates. It has provision on the web for carrying 
the floor joists, thus effecting a saving in headroom. 

Fig. 8 shows a web-plated girder, but for a larger span, with 
special bracketed seatings to receive the intermediate floor 
girders. 

Fig. 4 shows an open web girder, a form which is frequently 
used to admit as much light as possible. 

Figs. 5, 6 and 7 are forms suitable for carrying internal 
walls or for forming lintels over doorways or windows, etc. 

Figs. 8 and 9 represent a box girder and triple web girder. 
These are generally used over larger spans where deep girders 
are inconvenient. 

ROOFS. 

Having dealt with the columns and girders, we now come to 
the roof of the building. The chief advantage to be secured in 
using a roof the principals of which are of steel, is the great 
lightness of the material used. The difference in the sizes of 
the members, especially the tension members, in a steel 
principal and a wood principal of similar span are very marked. 
The main tie beams of a timber truss, say 45ft. Oin. span, would 
be about 12in. x 6in., whereas in bteel we can do the same 
thing with a flat bar about 4jin. x |in., or with a round bar 
ljin. diameter. Failure from shrinkage sometimes occurs in a 
wood roof, and is a very serious defect causing as it does an 
increase of load on certain members which they were not designed 
to carry. This objection also applies to a combined roof 
composed partly of iron and partly of wood, the rafters and 
struts being of wood, and the ties of iron or steel. Another 
disadvantage of wood and iron principals (like other composite 
structures) is that it is impossible to calculate exactly the stress 
on each member, owing to the varying elasticity of the different 
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materials when under load. Most of the buildings of the class 
shown in our illustration are finished with a ridged roof covered 
with slates and glass. It is often the custom, however, to have 
a flat roof with a covering of concrete and asphalte, and in this 
case the roof framework is formed like the floors below, but of 
lighter sections. 

Plate No. 8 contains some examples of modern steel roofs. 
Figs. 1, 2, 8 and 4 represent common and useful designs for 
steel principals for spans varying from 20ft. Oin. to 60ft. Oin., 
and most of the buildings of the class mentioned in this paper 
come within this limit. 

Fig. 5 shows a principal of more ornate design, although as a 
rule it is not the custom to put much ornament in the top floor 
of a warehouse. A design of this sort is very suitable, however f 
for a lecture room or a technical school. 

Fig. 6 is an example of roof suitable for a large market or 
warehouse, where plenty of ventilation is required. 

Figs. 7 and 8 are examples of Mansard roof. Here you will 
notice advantage has been taken of the space between the eaves 
and the roof to form another floor without interfering with the 
right of light laws, which are the bugbear of every Architect. 
In all the instances mentioned it is important that the steel 
purlins should be properly secured to the principal backs, 
and due provision must be made for wind bracing and cross 
ties. 

We have now reached the top of our building, and the 
skeleton framing is finished forming a complete structure in 
itself. It is also necessary in very high buildings to introduce 
vertical diagonal bracing between the columns, and also in 
buildings of five or six stories, where there is an absence of 
cross walls. We will now turn our attention to some of the 
internal fittings such as floors, partitions, doors, and staircases. 
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FLOORING. 

Want of time prevents anything more than a passing 
mention of the many different systems of flooring, a large 
number of which have been patented, and are frequently used 
in the construction of buildings such as we have before us 
this evening. For the purpose of this paper, however, it is 
perhaps enough to mention the ordinary and simple method of 
fixing small steel joists to the cross girders, which are then 
filled in with concrete. This method is illustrated in Figs. 1 
and 2, Plate No. 2. 

PARTITIONS AND DOORS. 

Steel partitions connot be said to form part of the 
construction of a building, but in places where land is very 
expensive and for fireproof purposes, it is well worth the 
while of the Architect to consider the advisability of using 
angle framing and steel lathing in lieu of brick walls. 

Steel doors are now so widely used that it is unnecessary to 
spend any time in discussing their advantages, but it is interest- 
ing to note that now-a-days the frames themselves are made of 
steel, formed of channels, angle bars, and plates. This gives 
a better and more reliable article, with a much higher finish, 
than the old-fashioned cast iron door frame. 

STAIRCASES. 

Steel staircases and stair treads are used in places where 
there is much traffic (in many cases with small pitch pine or 
oak blocks let in). These can be seen in most railway stations. 
The Factory Act of 1891 requires fire escapes for factories and 
buildings where there are more than 40 hands employed, and 
these can be manufactured almost entirely of steel. 

A word or two may be said by the way in regard to the 
importance of efficient painting of the steelwork, as its durability 
depends in a large measure on this being regularly attended to, 
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Material hidden from view should be painted before being built 
in, and two or three coats should be applied to that which is 
exposed to weather, to be renewed according to circumstances 
in three to five years. 

Thus it will be seen that having on a good foundation com- 
menced our building with the columns, having fitted in the 
beams and floor girders, and having erected the roof, filled in 
the partitions and provided staircases and doors, we can now 
send for the bricklayer, mason, terra cotta manufacturer, joiner, 
slater, plumber, decorator, and thus we have a finished building, 
which we venture to say is suitable for the occupation of any 
who are anxious to have a structure which is strong, permanent 
and artistic. 

DISCUSSION. 



Mr. G. F. Freeman said that in the early part of the present 
century, when the so called " iron age " began to assert itself, 
many engineers were sceptical as to the utility of the metal for 
the purposes to which it was proposed to adapt it. When it 
was first proposed to build ships of iron, it was said by many 
that a ship so constructed would sink as soon as she was 
launched ; that, however, did not happen. He dared say many 
of them were astonished, when they looked at the large ocean 
liners that left our ports, at the remarkable results obtained 
with ships built of steel. 

There was no doubt that steel would assert itself more and 
more in its adaptation to building purposes. Its strength, 
lightness, durability and comparative cheapness would combine 
to force it into use in this country, as had already been the 
oase in America. The so called "fire-proof" buildings in 
5 ron and steel were used were, however, really not fire 
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large buildings in cities like Manchester. In the first place, 
they had had as yet, steel construction being of such compara- 
tively recent adoption, little or no experience as to the 
maintenance of these steel buildings. Most of the buildings 
with which they had been concerned were those in which the 
iron or steel work was displayed ; in other words, they could see 
the greater part of the steelwork, could observe what was taking 
place, and could, when occasion required, scrape and paint the 
surfaces. Experience had told them how urgent was the 
necessity for constant scraping and painting, and how great was 
the annual cost of such operations. These remarks did not 
apply to a building such as that shown on the picture exhibited 
by the author, in which the steelwork was hidden and concealed 
by the work of the masons, brick-layers, terra cotta makers and 
other trades. In such a building they would never be able to see 
how the steelwork was faring, or what was taking place in it. 
Such a building might, he thought, in time collapse without a fire. 
The second difficulty was that of fire. Mr. Freeman spoke of 
fire-proof buildings. He (Mr. Hunter) wished he knew of one, 
or of any way by which a building could be rendered fire-proof. 
There was at present working in this country, a body known as 
the Fire Committee, composed of engineers and architects, and 
of employers of engineers and architects. He had served for 
some time on the Council of that Committee, which had carried 
out, and were still carrying out, many impartial tests. One 
result had been to make it very clear that Mr. Freeman's view 
with regard to steel construction was rather too optimistic. 
The Committee had tested steel columns with a load about 
equal to that which they would have to bear when standing in 
a wall, and had found that at about 1120° Fah. the column 
would buckle up, and finally suffer an entire collapse. The 
tests were made in regenerating furnaces, into which no water 
at all was allowed to enter, and the temperature was regular. 
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frames were made of iron. No wood patterns being stored, nor 
pattern shop carried on, no fire could find any fuel, and there- 
fore no insurance was carried. Another feature of his building 
was that it had an asphalted flat roof, which served as a 
splendid open air yard, where such things as coke, scrap iron, 
packing cases, pickling tanks, water tanks, condensing tower, 
emery polishing cyclone, etc., were finding their places. 

The brickwork used in Brown & Sharpe's building was 
merely to cover up the steel frame- work, and to form the flues 
for the Sturtevant heating and ventilating system. The 
quantity of brick required for this construction was only that 
of a 12in. solid wall, whilst its supporting power was that of a 
36in. solid wall. The building was put up in a very short time. 
The first storey is 16ft. lOins. high, the others are 18ft. lin. 
between floor and ceiling. The flooring is of hollow brick tile 
arches with a spring of 4ft. Upon these rest a 5 in. thick 
spruce floor, then a 2 Jin. spruce planking tongued and grooved; 
and over this a diagonally laid course of matched spruce l£in. 
thick. 

Mr. Benold had several photos of this and other tall steel 
frame buildings. One was a photo of the biggest building in 
New York ; it had 80 storeys, and was 475ft. high ; another was 
20 storeys high. These buildings were run up in an incredibly 
short space of time. In Detroit a building of 15 floors, covering 
an area of 100ft. by 175ft., built of terra cotta and costing 
£200,000, was completed in 18 months ; another, 18 storeys 
high, 40ft. by 160ft., and built of white bricks, was commenced 
in October, and in the following June was completed and 
tenanted. A building of 12 floors, 100ft. by 80ft., built of brick 
and stone was completed in 18 months ; another, built of stone, 
14 floors high, 180ft. by 90ft., was built in 12 months, whilst 
the entire iron frame-work of a 10 storey business building in 
Broad Street, was erected from basement to roof in six weeks. 
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With regard to the probable condition of the steelwork in a 
building such as that shown, in fifteen, twenty, or thirty years 
time, he believed he had quite as much reason for thinking it 
would be perfect after the lapse of that period, considering the 
way it was covered, as any one else had for thinking it would 
not. 

Mr. Eenolds had mentioned a building in which the floors 
would bear 4001 bs. per. sq. ft. That he thought was about the 
standard now adopted by Manchester architects. At any rate 
the floors at Marshall and Aston's would carry SOOlbs. per sq. ft. 

There were English firms that could compete with American 
firms in putting buildings up quickly. 

He would not like to express any strong opinion respecting 
the merits of Siemens-Martin and Bessemer steel. They could 
get splendid Bessemer steel, and for most purposes it accom- 
plished everything required. 

Perhaps he had gone rather above the mark with regard to 
foundations, but it was best to be on the safe side, and he did 
not want to hear of any collapse in buildings he had helped to 
construct. 



6 Plates follow illustrating this Paper. 
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TOPICAL QUESTIONS. 



MEETING, SATURDAY, DECEMBER 10th, 1898. 



Question 1. 

" Tool Booms, their advantages and disadvantages " 

The President (Mr. Henry Webb) said his only experience 
in connection with tool rooms had been in America, and in one 
or two cases in England. In America, it was, speaking 
generally, the universal practice to have a portion of the 
establishment set off as a tool room, where all the tools were 
made and ground to gauges, and the men were not allowed to 
do anything on their own account. The tools required for the 
remainder of the week were given out at the beginning. There 
was no confusion such as existed here when stocktaking took 
place. They could tell you every tool they had; everything 
was accurately tabulated. 

Mr. F. J. Wich said that in their place they had tool rooms, 
and found them of great advantage. They kept in them not 
only the tools, but also the blue prints. When a man got his 
job assigned to him, he obtained an order from the foreman, 
took the note to the tool stores, and there got both tools and 
blue prints. They worked as near as possible to the American 
system. 

Mr. Hans Renold said he had that week seen in the papers 
a report that in England there had been this year a reduction 
of 2£ millions in the export of manufactured articles, and the 
United States had reached an export of nearly double their 
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import, the export being mostly made up of manufactured 
articles, not of raw material. He held that this tremendous 
expansion of American manufactures and exports was due 
solely to the American system of tool rooms in connection with 
engineering works. The American tool room was a result of 
the greater division of labour, higher organisation of engineering 
works, and larger specialisation of the manufactures passing 
through the hands of firms in the United States. They might 
ask, what was a tool room ; that was a difficult thing to explain 
in a few words, as in each engineering works the tool room, its 
constitution, size, and importance, varied. At Brown & Sharp's, 
out of 1,600 or 1,800 hands, more than half were engaged in 
the tool rooms, and less than the other half in the manufac- 
turing departments. As an instance they had one tool room in 
connection with their Wilcock & Gibb's sewing machine works. 
They had another tool room which he might call the tool store 
room, where the stores, such as waste, emery cloth, &c, and at 
the same time the tools were kept in good condition, grinding 
machines being provided for sharpening the tools, and 
apparatus for testing the rimers, grinding the drills and cutters, 
&c. There was another tool room where they made jigs, and 
all the drills, rimers, parallel packings, &c. Finally he might 
say that there was no hard and fast rule as to what a tool room 
was, what it did, and how it should be set out. 

Mr. John Hall said they had had a separate tool room for 
more than 25 years. The question depended upon the class of 
work they were doing. If his firm had to have half of their 
men in the tool room, they would have to be " wound up " 
pretty quickly. 

As to the exports of American tools, if the Americans would 
take off the duty of 40 or 50 per cent, English tool makers and 
machinists would show the Americans what they could do. 
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Mr. Henry Hodgson said the President had remarked that in 
the American tool rooms they gave out at the beginning of the 
week the tools, &c, for the whole of the week. How would the 
system act where a firm had never a job that lasted more than 
a day, or any continuous run of a particular class of work. 
They had often to put another job on the machine before it had 
finished the one then on. 

As to the system at Brown & Sharp's, he should think that 
by having half their men in the tool rooms it would add 100 % 
at once to the establishment charges, whilst there would be 
another 100% increase on account of other charges, which 
would in most establishments in this country cause a shutting 
up of the shops pretty soon. 

He wanted to know what were the advantages of the tool 
room to general engineers, and not for repetition work. Tool- 
rooms were practically indispensable for repetition work, but 
how was the tool room to act at establishments where there was 
such an enormous variety of work as existed at most general 
engineering shops. 

Mr. W. Lawson said that from conversation he had had with 
American makers he found that a good deal of their success was 
due to the excellent organisation which prevailed in their 
establishments. He could quite believe Mr. Benold's statement 
as to Brown & Sharp's having half their men in the tool rooms. 
In England, however, different conditions prevailed when they 
tried to construct a tool room on tlie American plan. They 
had old grooves to get out of, and his impression was that they 
had in this country in a great measure been acting on wrong 
lines. 

Mr. W. Fox said he would like to know in what way they 
could give out tools, <fcc, for the whole of the week, where they 
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had fifty jobs in three or four days, and did not know when any 
of them would arrive, such work including hydraulic cranes, 
machines, locomotives, dredgers, electric light machinery, &c. 
He wanted to know whether there was any system in America 
whereby they could prepare for these things in advance, so that 
they could apply the system of tool rooms in such cases. 

Mr. F. J. Wich said the only thing to do was to make a 
speciality of one thing ; not to try to do everything but do one 
thing well. 

The President said in America they did not go in for making 
everything. For instance, if a person asked an American firm 
for a 12in. lathe, he might receive the answer that they only 
made up to 6in., but had the best 6in. lathes in the world. 

Question 2. 

" Can the use of machine tools in English works be carried 
too far so as not to be economical ? " 

Mr. Henry Hodgson said the answer to the question depends 
upon circumstances, principally upon the kind of work done. 

In the manufacture of locomotives and engineers' tools, in 
which, as a rule, all repairs are effected by the owner without 
calling in the services of the makers, the extensive and complete 
use of machine tools will be economical. In the manufacture 
of marine engines, the same might be said with a little 
reservation. Also in those works in which the machines or 
articles made are comparatively small, and where in the case of 
repairs, the machines can be returned to the makers as a 
complete machine, and the repairs effected inside the works, 
then in such a case the use of machinery cannot be carried too 
fax. And the same may be said where the manufacture, 
although diverse in character, is all made to standard sizes, and 
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all the several parts sent into stores, thence to be given out, put 
together, and sent away whole or in parts. Typical examples 
of these latter are our textile machinery works— Messrs. 
Willans & Eobinsons, Messrs. Crossley Bros., Messrs. Marshalls, 
of Gainsboro', and others. In all these cases he did not think it 
is possible to carry the use of machine tools beyond the 
economical limit. 

On the other hand, in the case of what we may term, in 
place of a more definite one, general engineering works, where, 
whilst the manufacture of various articles on machines is con- 
sidered to take a leading pari, they are also called upon to 
repair their own and other makers' work, and which from 
various causes may have to be repaired in situ t necessitating 
the sending out of skilled men, the demand being irregular, and 
to meet which it is necessary to keep a staff beyond what is 
required for the regular needs of the work inside the shop ; in 
such cases as these, work of some kind must be provided to keep 
what may be termed the surplus staff employed, and such work, 
at any rate under the present conditions of workshop organisa- 
tion, can only be that, which under different conditions would be 
done by machinery. In such cases as this the use of machinery 
could, in his opinion, be carried beyond the economical. 
It may be said as a reply to this that work of any kind can be 
produced so much cheaper by machine than by hand that it 
will pay to lose production from the men who are called upon 
for this irregular work. His reply to this was that they cannot 
afford to have idle men about ; every man must be kept fully 
employed if they are to have any good out of the others, and as 
it is necessary to have a staff ready for instant demand, a 
certain amount of work that could be done by machine must be 
left for these men to do by hand. 

In conclusion, he could not but feel sorry, as one brought up 
in the old school of engineering, that the all-round man of 80, 
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40, or 50 years ago, had practically disappeared from our midst. 
One never sees the old paper cap millwright, who could tackle 
anything, now-a-days, he has been crushed out of existence by 
the use of machinery ; which whilst it may be economically 
right, has left the engineering world the poorer by the loss of a 
man, who was a great power in his day and did much to prosper 
engineering in this country. 

Mr. Samuel Dixon asked what must be substituted for 
machine tools ; were we to go back to chipping, filing, chiseling, 
&c. The question of machining or hand work was one of cost, 
and they must consider together the cost of the man and the 
machine. It was often cheaper to pay £1,000 for a machine 
than to employ a man to do the work. A man might represent 
a machine of about £800 ; taking 10 %, it was £80 per year, and 
it was more economical to have a machine, if they paid £700 or 
£800 for it. In their shop he calculated that every mechanic 
with full wages represented a machine of £900. They had to 
take the man and the machine together if they wished to know 
what the cost was. 

Mr. Joseph Nasmith said the question would have been 
better put if it had been made to read '» Can the use of special 
machine tools be carried too far ? " It was quite obvious that 
where they had a large number of things to produce from one 
pattern, day after day, week after week, a special tool became 
the cheaper thing in the end, especially where they could keep 
one job going on several machines, so that a man could mind 
more than one machine. Even, however, in repetition work 
there were cases where it did not pay to buy special machines 
for the purpose, as they could often use everyday tools with 
jigs, and obtain as economical results as if they had a special 
tool. He had himself been considering, in connection with a 
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case that he had to deal with, whether he should put down 
special tools for drilling, for work connected with prepayment 
meters, instead of jigs and single tools. He had come to the 
conclusion that in this case, by using the tools they had, they 
would be able to turn out the work as cheaply as with special 
tools. He might also mention two instances connected with 
the manufacture of spindles for ring-spinning frames. One 
firm had an elaborate set of tools, including special turret lathes, 
&c, and the other was using the ordinary lathes that were in 
use years ago, but was still making the spindles quite as cheaply 
as the first-mentioned firm. 

It was quite obvious there were cases which had to be 
decided by themselves. No rough and ready rule could be laid 
down. There were cases in which the use of special machine 
tools was not an advantage, but on the contrary, an economical 
disadvantage, whilst there were cases where a large quantity 
of the same thing were being continuously turned out, in which 
the use of special machine tools was a positive advantage. 

Mr. W. Lawson said the question seemed to be what must 
they do with the outworkers when they returned to the shop 
after their jobs were finished. They could not send them about 
their business and must find them something to do. 

Mr. J. Butterworth said the last speaker had voiced his 
ideas. They had to find these men something to do when they 
were in the shop. 

Mr. H. Hodgson said that where the whole of the work was 
done inside, and they had no men to send out, he quite 
believed that everything could be done cheaper by tools than by 
hand. That, however, did not apply where they had to send 
batches of men out during the week and these returned at 
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irregular intervals. They had to find these men something to 
do, and if all the work was done by machine what was to 
become of them ? 

Mr. Alfred Saxon said his experience was that the more 
work they did by machine, the more fitters they employed. 
The foreman was amazed when they went in for tapping 
and studding machines ; he thought the fitters would soon be 
thrown out of employment, but the more machine work of that 
sort they had done the greater was the number of fitters in 
their employ. 

As for the spare men they had always need for these, and he 
did not know what they would do if they had not spare men in 
every department. 

If the work could be produced more cheaply by machinery it 
ought to be so produced. His experience was distinctly in 
favour of extending the use of tools in engineering works, as 
compared with the position at the present time. 

Mr. Hans Renolds said the first remedy for the state of 
things mentioned by Mr. Hodgson was that people should not 
have machinery mended when it went wrong, but should have 
new machinery put in its place. Another remedy was one 
which had been suggested to him by a speech made some time 
back by a leading London employer in the plumbing trade. In 
order to keep his men together when they had finished their 
special jobs he opened one or two special departments in which 
work was done whenever he had these spare men about. It 
seemed to him (the speaker) that Mr. Hodgson might act on 
somewhat similar lines. 

Mr. George Saxon said he did not think it was well to advise 
anyone to adopt an uneconomical method of manufacture in 
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order to take up surplus labour. The balance requiring adjust- 
ment when machinery was introduced would be regulated in 
some other way, and the surplus labour would in some direction 
or other find employment. It was a mistake to adopt un- 
economical methods, instead of taking advantage of machinery 
and other things tending to economy and efficiency, and letting 
surplus labour adjust itself. 

Question 3. 

" Is there any gain in economy by heating feed water with 

'live steam 9 from the boiler? 

If so, Jiow can this be accounted for ? " 

Mr. W. Ingham said this question had excited considerable 
attention latterly, particularly amongst marine engineers. 
Some six years ago in order to get over the difficulties 
experienced with marine boilers, and indeed, with all boiler& 
having no external flues — that was the difficulty of leakage and 
drainage on the bottoms — live steam heating was adopted so as 
to fill the boilers with hot water and promote better circulation. 
It was unexpectedly found that in addition to preventing leakage 
a considerable gain in economy was effected. At first this was 
accepted with a certain amount of incredulity, because every 
one knew how much heat was obtainable from a pound of steam, 
and if a pound of steam was taken from the boiler and put in 
the feed water, they could not get more heat in the boiler by 
this means than had been taken out of it, and it was described 
as a case of " robbing Peter to pay Paul." 

How could this economy be accounted for ? In land practice 
they pretty well utilised all the waste heat in every possible 
direction. They were also utilising exhaust steam by means 
of feed water heaters, ejector and evaporative condensers, &c. 
They could use waste heat in different ways. Although every 
one might not have waste heat to utilise, they had all " live " 
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steam, and if it was a fact as the balance of evidence seemed 
to show, that " live " steam could be used with great economy, 
then there was room for further economy in land practice. 

Different theories had been promulgated on this point. He 
did not think it could be accounted for on thermo-dynamic 
considerations. The testimony certainly appeared to show that 
such economy was a fact, but a letter in Engineering that day 
gave particulars of two voyages made of a vessel, on one 
occasion with, and on the other without, a "live" steam heater, 

* 

and the coal consumption was exactly in each case the same, so 
that it did not appear to be in all cases certain that advantage 
would be derived from "live" steam. One theory was, that the 
more rapid circulation induced, enabled the water to take up 
heat more quickly. In that case there ought to be a diminution 
in the temperature of the waste furnace gases, but experiment 
seemed to show that this was not the case. 

Mr. A. Saxon said he thought the economy was due to the 
latent heat contained in the steam. In connection with feed 
water they all knew that it was passed into the boiler, not into 
the steam space where the latent heat would be, but into the 
water space below the steam line. He might say that in con- 
nection with large mills no better system could probably be 
obtained than by using economisers and using waste heat from 
the chimney gases, but. in connection with marine practice, and 
perhaps on a smaller scale, or on a scale in which economisers 
could not be used, he believed economy would result from the 
application of this latent heat contained in the steam over and 
above that of the water which it converted into steam. Taking 
water at 212° it had only y 1 ^ the heating power of steam at the 
same temperature. 

Mr. A. Etchells said it seemed to him to resolve itself into 
a question of maintaining the average condition in the boiler 
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undisturbed. Taking the "fatigue" point of view, it was well 
known that an engine would be more economical if they kept 
the speed nearly constant. The question seemed to be whether 
it was more economical to put cold water into a boiler, which 
certainly destroyed the average condition, or to put it in a 
separate place of its own, introduce live steam into the feed 
water before it went to the boiler, and introduce the water into 
the boiler at practically the average condition of things. 

Mr. Samuel Boswell said the economy from heating by live 
steam seemed to have been known for nearly thirty years by 
locomotive engine drivers, who found that they could keep steam 
up better, during a heavy run, by having a water warmer on 
throughout the whole run — not only when they were standing — 
always using the pump or injector fixed on the same side as 
warmer, the live steam mixing with feed just previous to 
entering boiler. 

His opinion was that the higher the temperature of the waste 
gases the better chance they had of economy, if they only kept 
the initial furnace temperature up in the same proportion. 

If they put in feed of a greatly different temperature, and it 
came in contact with the furnaces they would find a loss. 
Economy had been found in carrying the feed at or near the 
back end of the boiler, but they could not do that generally 
because the internal feed pipes would often become full with 
deposit. Where it had been done, however, it had been 
advantageous. 

He was quite prepared to believe the statistics of some of the 
marine engineers. They were under favourable circumstances ; 
everything was self-contained, and they could get at the 
accurate facts. His experience pointed in the direction that 
economy was possible because they got a better equilibrium in 
the boiler itself. 
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Gases escaping at a low temperature did not always show 
they were working economically by any means. They could pass 
away a higher temperature and still get a better result. It 
was simply a question of equilibrium. 

Mr. Mitton said many facts proved the theory of equilibrium. 
There were no sudden changes in the condition of the steam or 
the water, thus making a more efficient mechanical device 
rather than an economical one. 

Mr. Walton said it was a question of whether there was any 
gain in economy by heating feed water with live steam, i.e., 
steam direct from the boiler, and which had done no work 
whatever. 

They generated steam in the boiler to do work either in the 
engine or some other place. They took that and used it to 
transmit heat to the water and raise the temperature of that 
water to boiling point, if possible, at that pressure. Was there 
any gain in generating steam, to condense it again just simply 
to heat up the water. As a preservative of the boiler it was one 
of the grandest things invented in steam practice, but was it 
11 robbing Peter to pay Paul," or a decided gain in heat? 

The President then closed the discussion. 
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Annual Report of Council, 



1898. 



The Council have pleasure in presenting the 48rd Annual 
Eeport of Proceedings. 
To the membership roll during the year have been added — 

1 Honorary Life Member. 
29 Honorary Annual Members.. 
27 Ordinary Members. 

Total 57 
and after taking into account the loss by death, resignation, and 
erasure, the total number of names of all classes on the roll 
amounts to 416, as against 886 in the previous year, namely : — 

27 Honorary Life Members. 
148 Honorary Annual Members. 
241 Ordinary Members. 



416 

Upon reference to the Financial Statement, as certified by the 
auditors (see pages 223, 224), it will be seen that the balance stand- 
ing to the credit of the Association, after payment of all accounts 
due up to the 81st December, amounts to £4,224 7s. 3d., as 
against £4,025 19s. 8d., at the close of the preceding year, 
thus showing a surplus of £198 7s. 7d. on the year's working. 

They are pleased to report that during the year the 
payment to the superannuant members has been at the rate of 
10s. per week, according to rule, the total sum paid on this 
account amounting to £168 10s. Od. as against £128 Is. Od. 
in the previous year. 
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The number of recipients from this fund has been increased 
by two daring the current year, thus making seven members 
at present receiving superannuation allowance. 

It is with profound regret the Council have to record that 
during the year death has removed the following members, 
brief memoirs of whom are appended on pages 217-222 : — 



Blears, T. 


Manchester. 


Dobson, Sir B. A. 


Bolton. 


Gledhill, M. 


Manchester. 


Hulse, J. W. 


Do. 


Johnston, D. 


British Guiana. 


Kelsall, J. E. 


Bolton. 


Marshall, J. 


Hyde. 


Purves, J. H. 


Manchester. 


Ross, R. C. 


Do. 


Shenton J. 


Hyde. 


Wrigley, T. 


Todmorden. 



The following gentlemen have resigned their membership 

during the year. 

Fletcher, S. ... Ashton-under-Lyne. 

Spencer, H. B. - - - London. 

Lewis, G. Manchester. 
Patrick, F. W. - - - Do. 

The following gentlemen have ceased to be members during 
the year. 



Bradley, H. W. 
Buckley, E. W. 
Firth, G. H. 
Haworth, C. V. 
Haigh, N. N. 
Roberts, J. 
Roberts, W. J. 
Shoubridge S. Y. 
Sample, W. S. 
Sngden, E. 
Smith, W. W. 
Wrigley E. G, 



Manchester. 

Do. 
Yorkshire. 
Poulton-le-Fylde. 
Oldham. 
Manchester. 
Bristol. 
Manchester. 

Do. 
Rotherham. 

Manchester. 

Birmingham* 
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Daring the year, in addition to the ordinary meetings, the 
following Excursions and Sooial Gatherings have taken place, 
brief aooounts of which are included herewith : — 

Feb. 12. — 42 nd Anniversary Dinner, Grand Hotel. Attendance 218. 

May 12. —Visit to Rugby for inspection of the Works of Messrs. Willans & 
Robinson. Attendance 130. 

July 16. — Visit to Enowsley for inspection of the Park and Hall, the seat of 
the Earl of Derby. Attendance 66. 

Oct. 8.— Visit to the Manchester Ship Canal, Trafford Wharf, for inspection 
of the New Grain Elevator. Sooial Meeting, Grand Hotel, 
Attendance 160. 

Nov. 23. — Conversazione at the Art Gallery, Manchester. Attendance 300. 



Papers Bead and Discussions held during the Year. 

Jan. 15.— Inaugural Address by the President, Mr. Henry Webb, on 
" English and American Workshop Practice.'' 

„ 29. -On " Engineering Appliances in Mining," by Mr. C. 
M. Percy. 

Feb. 26.— On " Balancing of Engines," by Mr. J. Whitcher. 

Mar. 12.— On "Various Toploal Subjects." 

„ 26.— Ditto. 

Oct. 8.— On ' Some Points In Modern Steam Engine Practice," 
by Mr. Heory Hodgson. 

Nov. 12.— On " The Manchester Sewage Problem," by Mr, M. 

Ingram. 

„ 26.— On " The Use of Steel in Buildings," by Mr. E. Wood. 
Deo. 10.— On "Various Topical Questions." 

The Council, in oonolusion, desire again to express their 
cordial thanks to those members and friends, who have read 
papers or contributed to the discussions during the year. 
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ANNIVERSARY DINNER. 

The Forty-second Anniversary Dinner was held Saturday, 
February 12th, at the Grand Hotel, upwards of 218 gentlemen 
being present. Mr. Henry Webb> the President, occupied the 
chair, with Mr. Joseph Nasmith, the past President, in the vice 
chair, and the gathering included, in addition to those whose 
names were associated with the various toasts, Sir Bosdin T. 
Leech, Dr. Sinclair, and Mr. F. Hazelton (the Secretary). 

After dinner a long programme of speeches and music was 
entered upon. The music was provided in admirable fashion 
by the Royal Apollo Glee Singers, from Staffordshire, and by 
Mr. Harrison Hill, humourist. 

The Chairman gave the loyal toasts, and Mr. Nasmith 
followed with " The Houses of Parliament," coupling with it 
the names of Lord Strathcona and Mount Royal, and Mr. 
James Kenyon, M.P. 

Lord Strathcona, in his reply, said although by the gracious 
will of Her Majesty he was a member of the peerage, he was not 
a member of the House of Lords, because during the months 
that had elapsed since he was raised to the peerage he had been 
too busy or too much out of the country to be able to take his 
seat. So that up till now he had not really seen the inside of 
the House of Lords, and he was much more familiar with the 
Parliament of Canada than with that of Great Britain. Twenty- 
seven years ago he took his seat in the Canadian House of 
Commons, and till within a little more than a year and a half 
ago he remained a member of that House. He could sincerely 
say, from all his experience of the people and Parliament of 
Canada, that there were no more true English hearts to be found 
r portion of the United Kingdom than were to be found 
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was any trade in the country that could not afford to pay 
compensation to the workmen engaged in it, the sooner it was 
shut up the better. — (Hear, hear.) 

Mr. S. R. Platt (High Sheriff of Lancashire) gave the toast 
of " The Trade of the District." He said he was sorry to say 
that the trade of the district had not being going on during the 
last few months as it ought to have done. The employers 
in the engineering trades had had a very bitter and severe fight 
with those men whom in ordinary circumstances they would 
naturally have expected to rally round them and help them to 
maintain the trade of the district. They had always thought 
that the men were part and parcel of themselves.— (Hear, hear.) 
Unfortunately they had been led away by sophistry, by the idea 
that somehow or other the unions could do better for them than 
the chaps who paid them their wages. — (Laughter.) 

As one of those who supported the Federation in the struggle 
from which they had emerged, he thought they were thoroughly 
justified in resisting the stupid, ridiculous demands of a few men 
who knew no more of what they talking about than one of the 
candies on the table before him — men who were Socialists from 
every point of view, and who would upset the whole status of 
the country if they could. The employers could now go back 
home feeling that their places of business were their own, and 
that they could do what they liked with their own — that they 
could talk and say that they would have the thing done at this 
or that price or not done at all. It must be thoroughly under- 
stood that the man who paid the wages was the man who was 
master in his own shop. — (Hear, hear.) Do not let them think 
that because there was a treaty of peace signed the end was 
come. The end was not come. They must and they would 
stick together as a Federation and in a bond of brotherhood 

£ would do every one of them good. In these remarks he 
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was not saying anything at all about wages, because that was a 
matter that regulated itself. — (Hear, hear.) They had no 
intention at all of making the position of those who worked for 
them different from what it was. That was one of the things 
he wished to go forth to the public. They respected their men. 
They knew what their men did for them, and if they had only 
the same respect for the masters as the masters had for them 
there would never be any difficulty between them.— (Cheers.) 

Colonel H. C. S. Dyer, introduced by the chairman as "the 
best friend the working men ever had," was received with loud 
and prolonged cheers on rising to reply to the toast. He said 
he trusted that in the near future what they had given him such 
a reception for would be found to have done good both to 
employers and to workmen. What the President had said of 
him had appealed very strongly to his feelings ; there was 
nothing he felt so thoroughly proud of as the fact that in the 
very near future the workmen would look upon him as their 
best friend — (Cheers.) Flattering as the President's remarks 
were, especially when they came from such a source, he felt 
that they were deserved. He believed that all he had done — 
and he had done it with that object — had been for the benefit 
of the working men, for he felt that whatever good was done for 
the employer was also done for the working men. — (Hear, hear.) 

After some remarks on the subject of the address recently 
delivered by the President of the Association, of whose sugges 
tions for the maintenance and increase of our trade he approved, 
Colonel Dyer reverted to the recent struggle. It had, he said, 
been a most unfortunate one, but out of our greatest misfor- 
tunes frequently came our greatest good. — (Hear, hear.) There 
was nobody had a higher respect and higher admiration than 
he had for the press of the country. He admired the courage 
of the newspapers ; he respected their purity and almost always 
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bowed down to their judgment. - (Laughter.) But did they 
take a wise course during the dispute ? — (No.) Had they not 
rather fomented ill-will and brought forth feelings which never 
should have arisen ? Suppose any one of them went into a shop 
to buy an umbrella. The shopkeeper, showing one, said the 
price of that was 15s., and the customer offered 14s. 6d., which 
price not being accepted, he went away. What would they 
think if the press came out the next morning with big lines like 
this : — " Grand victory of the umbrella-makers. Utter rout of 
the purchaser. Sent out in a shower of rain and spoils his best 
hat ? " — (Laughter.) Later on the customer went into the shop 
and said he would give 14s. for the umbrella, and the shop- 
keeper, having reconsidered the matter, sold it to him at that 
figure. And then appeared the lines — " Utter rout of the 
umbrella sellers. Crushed them down and destroyed their 
union." — (Laughter.) Did they think this kind ot thing was 
wise ? He considered that it was a very unfortunate thing. 
The dispute they had was this. They had a difference of opinion 
with their old " pal " labour on the ground of what they con- 
sidered undue interference with their affairs, and the matter 
was fought out in a thoroughly English manner. There was 
no hitting below the belt ; it all came straight from the shoulder. 
The combatants learned to admire and respect one another, and 
when the settlement came and the hand-grip followed, a com- 
pact was made of friendly and brotherly affection which would 
never again be disturbed as long as we lived. — (Cheers.) 

It was not a question of defeat on one side and of victory on 
the other ; these words ought never to have been used. Both 
sides had had enough of it, and they said to each other, " Let 
us now join hands and see if we can beat the foreigners in our 
gates — let us combine to resist them, so that they shan't come 
and interfere in the field of labour we have made our own." 
That was the position. There was no ill-feeling left at all, and 
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he believed honestly that the Employers' Federation were the 
best friends the workmen ever had or ever would have. Public 
opinion in the Federation would run very strongly in the direc- 
tion of justice and honour and purity. The Federation would 
never see a workman oppressed, if the idea of oppression should 
occur to any employer. — (" It is not necessary.") No, it was 
not necessary that any employer should seek to make his men 
work on terms that were not just and equitable. And therefore 
he said that what had happened had been for the best. On a 
former occasion he defined the proper functions of a trade 
union — and he believed the definition had the support of the 
whole Federation — to be to prevent any of their members being 
oppressed, and to obtain the best conditions and the best 
remuneration they could for their labour. But when the trade 
unions said " We intend to come and help you in the manage- 
ment of your business," they said, " Gentlemen, you can't do 
it — you have not the education, the intelligence, the experience 
that we have in these things ; you cannot be in partnership 
with us, because to be in partnership you must take your 
partner for better, for worse — you cannot have all better and no 
worse ; you cannot have all profits and no losses." — (Hear, 
hear.) His contention was that the partnership it was proposed 
to make between capital and labour was an absolute impos- 
sibility — it could not be, but you could have good feeling and 
friendship between them, and that, he believed, they would 
have. Lamentable as the dispute had been, it was not without 
its comic side. In such matters Providence generally furnished 
us with compensations. The comic side of the business wis the 
way in which the prelates and the philanthropists, professors 
and politicians, rushed into the arena with minds entirely 
unprejudiced by any previous knowledge of the subject — 
(laughter and cheers), — armed with crude panaceas for all the 
ills of trade. Really that was the comic side. They did their 
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very best; their intentions were good, but he felt sure they 
were all agreed that those intentions went to increase the pave- 
ment of good intentions we all knew about. — (Laughter.) If 
they had not attempted to interfere on a subject of which they 
knew absolutely nothing it would have been wiser in them and 
better for all concerned. What was needed was quietness, 
security, and absolutely no interference in the management of 
their business. 

They wanted also — and they wanted it probably more than 
anything else — the schoolmaster abroad. They wanted the 
schoolmaster to teach the working-man, for example, how fatal 
was the fallacy that the less a man did the more there was left 
for his neighbour to do. It was the most awful fallacy that ever 
was enunciated. The history of the past had proved beyond 
the shadow of a doubt that the larger the turnout of work the 
more men were employed and the higher the wages paid. It 
was therefore their bounden duty to pull up that fallacy by the 
root and chuck it away. — (Hear, hear.) Another fallacy — he 
thought Adam Smith was the originator of it — was that labour 
was the sole source of wealth. That was just as true as if 
anybody said that coal was the source of power. Both state- 
ments were perfectly true in the abstract, but it must not be 
forgotten that coal and labour were both inert masses until they 
were galvanized into life by organization and intelligence. — 
(Hear, hear.) These were points on which the efforts of the 
schoolmaster were much needed. As the spread of education 
went on these fallacies would no doubt disappear, and the better 
would be the relations between employers and workmen. He 
was perfectly certain that now that the air had been cleared by 
the unfortunate disturbance they would have an easy time, and 
that if the workmen would only join with the employers in 
giving a long shove, a strong shove, and a shove altogether, the 
tabde of England would rise superior to all its difficulties, and 
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we would regain that supremacy which we had unfortunately 
lost by the errors of the past. — (Cheers.) 

Mr. J. S. Raworth proposed "Prosperity to the Association." 

The Chairman, in his reply, stated that the Association had 
now 386 members, and that it was, financially, in a flourishing 
condition. He suggested that something should be done in the 
way of finding a permanent home for the Engineering societies 
of the district. 

Sir. W. H. Bailey proposed " Our guests," and the Lord 
Mayor op Manchester (Mr. Alderman Gibson), and Mr. W. B. 
Worthington replied. 

The concluding toast, the health of the Chairman, was pro- 
posed by Mr. T. Ashbury, and acknowledged by the Chairman. 



OPENING MEETING OF DISCUSSION SESSION. 

The Inaugural Meeting of the Forty-third Discussion Session 
was held on Saturday, the 8th October, upwards of 160 members 
attending. 

In the afternoon the members, by the courtesy of the Chief 
Engineer, visited and inspected the new Grain Elevator of the 
Manchester Ship Canal, situate at the Trafford Wharf. 

After the inspection the party were conveyed in 'Busses to 
the Grand Hotel, where tea was served. 

Subsequently a Meeting was held, the chair being taken by 
the President, Mr. Henry Webb, who briefly alluded to the 
programme for the session. 

Mr. W. H. Hunter then gave a short address on the inception 
and construction of the Elevator, to which, on the motion of 
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Mr. John West, seconded by Mr. A.shbuby, a cordial vote of 
thanks was passed by acclamation. 

The remainder of the evening was devoted to the carrying 
out of an interesting musical and vocal programme. 



LIBRARY. 

The Council have pleasure in acknowledging the following 
donations to the Library : — 

Indicator, Handbook on. 

Presented by the Author, Mr. 0. N. Pickworth, Member. 

Government Reports on Boiler Explosions. 

Presented by a Friend, per Mr. Henry Bates, Member. 

The Association exchanges Transactions with the following ; — 

American Institute of Mining Engineers. 

„ Society of Mechanical Engineers. 
Canadian Society of Civil Engineers. 

Engine, Boiler, and Employers Liability Insurance Company. 
Franklin Institute, America. 
Institution of Civil Engineers of England. 

„ Engineers and Shipbuilders in Scotland. 

„ Mechanical Engineers. 

Iron and Steel Institute. 
Liverpool Engineering Society. 
Manchester Geological Society. 

,, Literary and Philosophical Society. 
Midland Institute of Mining, Civil and Mechanical Engineers. 
Mining Association and Institute of Cornwall. 
Mining Institute of Scotland. 

North of England Institute of Mining and Mechanical Engineers. 
North-East Coast of Engineers and Shipbuilders. 
South Wales Institute of Engineers. 
Society of Engineers. 

The following Publications are received periodically : — 

Cassier's Magazine. 
Colliery Guardian. 
Engineering Magazine, 
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Electrical Review. 

Engineer. 

Engineering. 

Industries and Iron. 

Iron and Steel Trades 1 Review. 

Marine Engineer. 

Mechanical World. 

Practical Engineer. 

Textile Mercury. 

Recorder. 

Manufacturer. 



M 
I* 



EEPOETS OF EXCUKSIONS. 



VISIT TO RUGBY. 

On Thursday, the 12th of May, upwards of 130 Members visited Rugby for 
the purpose of inspecting the new Victoria Works of Messrs. Willans & 
Robinson. 

The party departed to Rugby by the ten o'clock train, and on arrival they 
were served with luncheon at the Station Restaurant ; subsequently the party 
were conveyed in brakes to the works, and there were cordially received by 
the principals, Messrs. Mark Robinson, Capt. Sankey, and Mr. Lazenby. The 
works were then inspected, after which a light tea was served in the mess 
room of the works. The President, Mr. Henry Webb, expressed the thanks 
of the members for the courtesy accorded to them by the Firm, and on the 
motion of Sir W. H. Bailey, seconded by Mr. Joseph Nasmith, a formal 
resolution of thanks was passed by acclamation. After a brief acknowledg- 
ment by Mr. Robinson, Capt. Sankey, and Mr. Eaton Shore, the party were 
reconveyed to the Station in brakes, and arrived in Manchester at 8-15 
prompt. 

VISIT TO KNOWSLEY. 

On Saturday, the 6th July, the Members and their Lady Friends visited 
Enowsley, with the object of inspecting the Park and the Hall, the seat of 
the Earl of Derby. 66 attended. 

The party left Manchester in the afternoon for Rainhill, from which 
Station they proceeded in conveyances to inspect the Park and its picturesque 
surroundings. On arrival at the Hall they were courteously conducted 
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through the various rooms which were greatly admired and appreciated. 
Subsequently the party returned to Prescot, where tea was served at the 
Royal Hotel, under the presidency of Mr. Henry Webb. 

After tea, the President, in the briefest words, alluded to the pleasant and 
enjoyable day which had been spent, and to the great and exceptional 
kindness of the Earl in favouring the Association with the privilege of 
iuspecting his ancestral home. 



CONVERSAZIONE AT THE ART GALLERY. 

On Wednesday, the 23rd November, a Conversazione of the Members and 
their Ladies was held at the Art Gallery, Mosley Street, Manchester, which 
had been kindly placed at the disposal of the President and Council by the 
Art Gallery Committee. 

The weather, unfortunately, at the time of meeting turned out rather 
unpropitious, but notwithstanding this 300 Ladies and Gentlemen attended. 

The President, Mr. Henry Webb, supported by the past Presidents, 
Messrs. Samuel Dixon, T. Ashbury, John West and Joseph Nasmith, held 
a Reception at eight o'clock, and extended to the guests a cordial welcome. 
The evening was spent in viewing the permanent Art Collection, as well as 
the Autumn Exhibition of Pictures. At appropriate intervals selections of 
music were given by the Northern Military String Band, which was in 
attendance, by the courtesy of Mr. S. H. Brooks, of Manchester, and also 
the Minster Vocal Quartette Party rendered several interesting part songs, 
which were highly appreciated. Altogether a pleasant and interesting social 
evening was passed by those who were present. 

At the subsequent ordinary meeting of the Association the Conversazione 
was alluded to, and on the motion of the President it was resolved 

That the cordial thanks of the Members be and are hereby accorded 
to the Chairmen respectively of the Art Gallery and Parks Com- 
mittee, to Mr. Samuel H. Brooks, and to others concerned for 
their assistance and hearty co-operation rendered in respect to the 
recent Conversazione. 

Mr. T. Ashbury then pointed out that the Conversazione had been prac- 
tically held on the initiation of the President, and considering that it was a 
unique meeting in their Association, and so exceptionally enjoyable, it would 
not do to allow that opportunity to pass without evincing their appreciation 
of the President's thoughtfulness and generosity. Mr. Ashbury's remarks 
were cordially seconded by the members present. 
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OBITUARY. 



Sir Benjamin A. Dobson was born in Douglas, Isle of Man, 
and resided for many years in Belfast. On going to Bolton he 
became connected with the extensive cotton spinning machine- 
making works at Kay Street, which now finds employment for 
nearly 5,000 men and boys, and which were established by his 
grandfather (Mr. Isaac Dobson) considerably over a century ago. 
The works have been much extended during recent years, 
largely owing to Sir Benjamin's business capacity and energy. 
His attainments as a mechanical engineer were recognised by 
the French Government as long ago as 1878, when he received 
the Ribbon of the Legion of Honour, whilst other countries, 
notably Japan, had also publicly testified to his skill. Despite 
the claims of business he found time to devote to the public 
service, and 23 years ago he first entered municipal life as a 
Councillor for North Ward. Six years later he was made 
Alderman. He was for many years Chairman of the Parks 
Committee, subsequently resigning this position to take up that 
of Chairman of the Technical Instruction Committee. He was 
regarded as the father of the local technical school. His 
practical knowledge greatly assisted in the development of the 
scheme of technical education, and the firm with which he was 
connected showed a genuine interest in the undertaking by 
presenting to the school a quantity of valuable spinning and 
other machinery, and also by establishing a series of scholarships 
for the benefit of the apprentices in their employment. In 1894 
he was unanimously elected Mayor, and at the time of his death 
was occupying the Mayor's chair for the fourth year in suc- 
cession. He was the first Mayor of the town to retain office for 
a fourth year. His latest and most important work on behalf 
of the municipality was done in connection with the extension 
of the borough boundaries, which, unfortunately, he has not 
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lived to see carried out. It is generally admitted that no other 
man in the town could have accomplished what Sir Benjamin 
did in this matter. On two previous occasions applications 
had been made, though unsuccessfully, for the extension of the 
borough boundaries, the whole of the districts which it was 
sought to include offering strenuous opposition. On the 
present occasion Sir Benjamin Dobson succeeded in con- 
ciliating the out-districts, and they are, without exception, 
co-operating with the Corporation in seeking the extension, 
the only real opposition coming from the Lancashire County 
Council, and this it was expected Sir Benjamin Dobson 
would have been able to surmount. It would be impossible in 
this brief record to enumerate his many services to Bolton, but 
it is safe to say that his loss will be felt for many years to come, 
and that his position will be very difficult to fill. He was 
knighted at the Diamond Jubilee. He was a county and 
borough magistrate and a lieutenant colonel of the local 
volunteer corps, in which he took an active interest. He was an 
enthusiastic Churchman, and took a deep interest in the welfare 
of denominational schools. He was the author of works of 
considerable repute, dealing with cotton spinning and cotton 
machinery. 

He was elected an Honorary Member of the Association in 
1893. He died March 4th, 1898. 



David Johnston was born at Newton-Mearns, near Glasgow, 
sixty- six years ago, he being the eldest of a family of six, of 
whom now only one daughter survives. His father left Newton- 
Mearns and removed to Pollokshaws when David was a little 
boy, and there the subject of this brief and imperfect memoir 
spent his early boyhood and received his schooling. When only 
a lad, he went to learn his business at an engineering works 
near Glasgow, where, after spending some time in the 
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pattern shop, he served his apprenticeship as a mechanical 
engineer. Some time after completing his apprenticeship, and 
when he was only twenty-two years of age, Mr. Johnston 
was appointed engineer in charge of Thornliebank Print 
Works, near Pollokshaws. From there he removed, some years 
later, to another engineering establishment, which he left to 
assist his friend, and at one time fellow worker, Mr. Duncan 
Stewart, in establishing the business which has now a world- 
wide reputation (as Duncan Stewart & Sons) for the excellence 
and stability of its machinery. The site chosen for these now 
famous works was occupied by a weaving factory, which Mr. 
Stewart and Mr. Johnston speedily dismantled and turned into 
an engineering shop. After seeing his friend set-up, Mr. 
Johnston accepted an engagement to proceed to Levenshulme, 
near Manchester, to establish and superintend cloth print works. 
There he remained till 1878, when, on the recommendation of 
Mr. Duncan Stewart, he was appointed engineer of Messrs. 
Ewing's sugar estates in Demerara and his first connection 
with the colony began in that year. The proprietors and 
employees of the works at Levenshulme parted with Mr. 
Johnston with much regret, and presented him with a gold 
watch as a souvenir of their regard and as an expression of 
their best wishes for his future welfare. After remaining at 
Vryheid's Lust for about seven years, Mr. Johnston returned to 
England, but he was not long there before he left for the Cape of 
Good Hope, where he erected large flour mills and where he 
remained three years. In 1883, when he was at the Cape, he 
received a telegram offering him the appointment as engineer of 
the Colonial Company's estates in Berbice, in succession to the 
late Mr. Wintrup. He accepted the offer, returned to the 
colony and became a citizen of New Amsterdam, remaining in 
the employ of the Colonial Company to the day of his death. 
He was elected an Ordinary Member of the Association in 1869. 
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Joseph Whitworth Hulse was born at Withington, near 
Manchester, on 24th August, 1861, being the second son of the 
late Mr. William Wilson Hulse. He was educated at Upping- 
ham School, and in 1876 began his apprenticeship to his uncle, 
Mr. Joseph Sykes Hulse, at the Ordsal Works, Salford. On the 
death of his father, who had succeeded his uncle in 1881, he 
became the proprietor of these works in 1897. In machine 
tools he introduced several improvements ; and also in calico 
printing machinery, which was made by his firm in combination 
with machine tools. During the engineering dispute in the 
latter half of 1897, he took an active part in the management 
of the local branch of the Employers' Federation, of which he 
was appointed joint representative with the late Colonel Dyer. 
His death took place at Didsbury, near Manchester, on 20th 
April, 1898, in the 87th year of his age. 

He was elected an Honorary Member of the Association in 
the year 1886. 



Manassah Gledhtll was elected an Ordinary Member of the 
Association in the year 1862. 

He was chiefly known by his Association with the firm of Sir 
W. G. Armstrong, Whitworth and Company Limited, and 
previous to the amalgamation, with the firm of Sir Joseph 
Whitworth and Company, of Openshaw. His career may, indeed, 
be said to have been almost contemporaneous with the building 
up of this great firm, and in various capacities, but chiefly in 
that of director and manager, his long experience and practical 
knowledge of the work have been invaluable to the undertaking. 
He began working for the firm about the year 1852 as a turner, 
and rose steadily through all the grades of employment until he 
finally occupied the position of managing director. When the 
Company was re-formed Lord Armstrong became chairman, and 
Sir Andrew Noble managing director. Mr. Gledhill, however, 
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remained a member of the Board until his death. He was 
endowed with the gift of invention, and the development of the 
Whitworth hydraulic forging presses, now of world-wide fame, 
are due to his genius. He took out other patents connected 
with the forging of metals, and the manufacture of ordnance 
upon which he was an authority. 
He died on the 13th September, 1898, aged 66 years. 



Thomas Blears received his early technical training at 
various places, and latterly was for considerable time with 
Messrs. Galloways Limited. During the year 1896 he finally 
severed his connection with this firm and started a small works 

of his own. 

» 

He was elected an Ordinary Member of the Association in 
1892. He died suddenly on the 28rd November, 1898. 



John H. Purves was elected an Honorary Member of the 
Association in June, 1897, when he was manager of the Garratt 
Street Works, Miles Platting. 

He died in December of the same year. 



Robert 0. Boss was one of the oldest members of the Asso- 
ciation, having been elected in 1862. 

He died suddenly on the 8th of June, 1898, age 88 years. 



James Shenton was trained as a boilermaker, and by his 
energy and enterprise established an important works at Hyde. 

He was elected an Honorary Member of the Association in 
1885. He died suddenly in June, 1898. 



James E. Eelsall received his training at the Crewe works 
of the L. & N. W. Railway Co., and passed through the shops, 
laboratory and steel department. In 1874 he was given entire 
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charge of the laboratory, which he retained till about the year 
1896, when he became connected with the Bolton Steel and 
Iron Company. 

He was elected an Honorary Member of the Association in 
1895, and was a Member of Council at time of his decease. He 
died 5th June, 1898. 



Thomas Wrigley was for a many years connected with the 
firm of Fielden Bros., Todmorden, going through various grades 
and ultimately became a managing director of the Company. 

He was elected an Honorary Member of the Association in 
1895. He died October 29th, 1898. 



Joseph Marshall served his apprenticeship wiih Messrs. J. 
& S. Shornely, of Hyde, and afterwards was for five years chief 
engineer with the same firm. He then for some little time was 
engaged with a Mr. Parmelee in connection with automatic 
sprinklers, afterwards going to the works of Messrs. Mather & 
Piatt, Salford, as a sub- contractor. About 1890 he commenced 
business on his own account at the Millwood Iron Works, Hyde, 
as a hatter's machinist and general engineer. 

He was elected an Ordinary Member of the Association in 
1891. He died August 4th, 1898, aged 48 years. 
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